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PREFACE. 



The following treatise, portions of wHcli have 
been delivered in lectures at the South Kensington 
Museum, the Royal Academy of Music, and else- 
where, aims ut placing before persons unacquainted 
with Mathematics an intelligible and succinct ac- 
count of that part of the Theory of Sound which 
constitutes the physical basis of the Art of Music. 
No preliminary knowledge, save of Arithmetic and 
of the musical notation in common use, is assumed 
to be possessed by the reader. The importance of 
combining theoretical and experimental modes of 
treatment has been kept steadily in view through- 
out. 

The author has incorporated the chief Acoustical 
discoveries of Professor Helmholtz, but adopted 
his own course in explaining them and developing 
their connection with the previously established 
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portions of the subject. The present volume, there- 
fore, even where its obligations to the great German 
philosopher axe the deepest, is not a mere epitome 
of his work ^, but the result of independent study. 



T&INITY COLLE6E, G/LMBBIDOE, 

June^ 1873. 



^ Die Lehre von den Tonempji/ndnngen. Dritte Ausgahe, 
Braunschweig. 1870. Of this profound and exhaustive treatise 
it is not too much to say that it does for Acousdcs what the 
Jhrincipia of Newton did for Astronomy. 
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CHAPTER L 

ON SOUND IN GENEBAL, AND THE MODE OF ITS TRAiNS- 

MISSION. 

1. In listening to a Sound, all that we are im- 
mediately conscious of is a peculiar sensation. This 
sensation obviously depends on the action of our 
organs of hearing ; for, if we close our ears the sen- 
sation is greatly weakened, or, if originally but feeble, 
. altogether extinguished. Persons whose auditory 
apparatus is malformed, or has been destroyed by 
disease, may be totally unconscious of any sound, 
even during a thunder-storm, or the discharge of 
artillery. These simple considerations should pre- 
pare us to expect that what we feel as Sound may 
be represented, externally to ourselves, by a state of 
things very different to the sensation we experience. 
Indeed this would only be in accordance with the 

• T. 1 



2 SENSATIONS AND THEIR CA USES. [I. § 1. 

modes of action of our other senses ; for instance, the 
sensation of warmtli, and its cause, a coal fire, — of 
fragrance, and its cause, a rose, — of pain, and its 
cause, a blow, are quite unlike each other. Analogy, 
then, indicates that some purely mechanical pheno- 
mena external to the ear will prove to be turned into 
the sensation we call Sound by a process carried on 
within that organ, and the brain with which it is 
in direct communication. This mechanical agency, 
whatever may be its nature, is usually set going at a 
distance from the ear, and, to reach it, must traverse 
the intervening space. In doing so, it can pass 
through solid and liquid as well as gaseous bodies. 
If one end of a felled tree is gently scratched 
with the point of a penknife, the sound is distinctly 
audible to a listener whose ear is pressed against 
the other end of the tree. When a couple of peb- 
bles are knocked together under water, the sound of 
the blow reaches the ear after first passing through 
the intervening liquid. That Sound travels through 
the air is a matter of universal experience, and needs 
no illustration. In every case, accessible to common 
observation, where Sound passes from one point of 
space to another, it necessarily traverses matter^ 
either in a solid, liquid, or gaseous form. We may 
hence conjecture that the presence of a material me- 
dium of some kind is indispensable to the transmis- 
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sion of Sound. This important point can be readily 
brought to the test of experiment, as follows. Let 
a bell, kept ringing by clockwork, be placed under 
the receiver of an air-pump, and the air gradually 
exhausted. Provided that suitable precautions are 
taken to prevent the communication of Sound through 
the base of the receiver itself, the bell will appear to 
ring more and more feebly as the exhaustion pro- 
ceeds, until, at last, it altogether ceases to be heard. 
On re-admitting the air, the sound of the bell will 
gradually recover its original loudness. It results 
from this experiment that Sound cannot travel in 
vacuo, but requires for its transmission a material 
medium of some kind. The air of the atmosphere is, 
in the vast majority of cases, the medium which con- 
veys to the ear the mechanical impulse which that 
wonderful organ translates, as it were, into the lan- 
guage of Sound. 

2. Having ascertained that a material mediimi, 
in every case, acts as the carrier of Sound, we have 
next to examine in what manner it performs this 
function. The roughest observations sufl&ce to put 
us on the right track, in this enquiry, by pointing to 
a connection between Sound and Motion. The pas- 
sage, through the air, of sounds of very great inten- 
sity is accompanied by effects which prove the at- 
mosphere to be in a state of violent commotion. The 

1—2 



4 CONNECTION OF SOUND WITH MOTION. [I. § 2. 

explosion of a powder-magazine is capable of shatter- 
ing the windows of houses at several miles' distance. 
Sounds of moderate loudness, such as the rattle of 
carriage-wheels, the stamping of feet, the clapping of 
hands, are produced by movements of solid bodies 
which cannot take place without setting up a very 
perceptible agitation of the air. In the case of 
weaker sounds, the accompanying air-motion cannot, 
it is true, be ordinarily thus recognized ; but, even 
here, a little attention will usually detect a certain 
amount of movement on the part of the sound- 
producing apparatus, which is probably capable of 
being communicated to the surrounding air. Thus, a 
sounding pianoforte-string can be both seen and felt 
to be in motion : the movements of a finger-glass, 
stroked on the rim by a wet finger, can be recognized 
by observing the thrills which play on the surface of 
the water it contains : sand strewed on a horizontal 
drum head is thrown off when the drum is beaten. 
These considerations raise a presumption that Sound 
is invariably associated with agitation of the convey- 
ing medium — that it is impossible to produce a 
sound without at the same time setting the medium 
in motion. If this should prove to be the case, there 
would be ground for the further conjecture that mo- 
tion of a material medium constitutes the mechanical 
impulse which, falling on the ear, excites within it 
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the sensation we call Sound, Let us try to form an 
idea of the hind of motion which the conditions of 
the case require. 

3. It will be convenient to begin by determining 
the rate at which Sound travels. This varies, indeed, 
with the nature of the conveying medium. It will 
suffice, however, for our present purpose to ascertain 
its velocity in air, the medium through which the 
vast majority of sounds reach our ears. As long as 
we confine our attention to sounds originating at 
but small distances from us, their passage through 
the ' intei'vening space appears instantaneous. If, 
however, a gun is fired at a considerable distance, 
the flash is seen before the report is heard — a proof 
that an appreciable interval of time is occupied by 
the transmission of the sound. The occurrence of an 
echo, in a position where we can measure the dis- 
tance passed over by the sound in travelling from 
the position where it is produced to that where it 
rebounds, gives us the means of measuring the velo- 
city of Sound ; since we can, by direct observation, 
ascertain how long a time is spent on the out-and- 
home journey. The following easy experiment gives 
a near approximation to the actual velocity of Sound 
— ^in fact a much closer one than the rough nature of 
the observation would have led one to expect. In 
the North cloister of Trinity College, Cambridge, 
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there is an unusually distinct echo from the wall at 
its eastern extremity. Standing near the opposite 
end of the cloister, I clapped my hands rhythmically, 
in such a manner that the strokes and echoes suc- 
ceeded each other alternately at equal intervals of 
time. A friend at my side, watch in hand, counted 
the nimiber of strokes and echoes. The result was 
that there were 76 in half a minute, i.e. 38 strokes 
and 38 echoes. A little consideration will show that 
the sound traversed the cloister and returned to the 
point of its origination regularly once in each interval 
between a stroke and its echo. Since each such 
interval was exactly equal to that between an echo 
and the following stroke, the whole movement of 
Sound took place in alternate equal intervals, i. e. in 
half the observed time, or fifteen seconds. Accord- 
ingly the sound travelled to and fro in the cloister 
38 times in 15 seconds. The length thus traversed, 
I found to be 419 feet. The velocity of Soimd per 

J .1 , , . 38 X 419 

second thus comes out equal to — , or 1061-^ 

15 

feet and a fraction. Sound, then, travels through the 
air at the rate of upwards of 1000 feet in a second, 
which is more than 600 miles an hour, or about 15 
times the speed of an express-train. In solid and 

* This is about 50 feet below its real value under the circum- 
stances of my observation. See Tyndall's Sound, p. 24. 
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liquid bodies its velocity is still greater, attaining, in 
the case of steel-wire, a speed of from 15,000 to 
17,000 feet in a second^, or, roughly speaking, about 
200 times that of an express-train. 

4. Though the Soimd-impulse thus advances 
with a steady and very high velocity, the mediimi 
by which it is transmitted clearly does not share 
such a motion. Solid conductors of Sound remain, 
on the whole, at rest during its passage, and a slight 
yielding of their separate parts is all that their con- 
stitution generally admits of. In fluids, or in the 
air, a rapid forward motion is equally out of the 
question. The movement of the particles composing 
the Sound-conveying mediiun will be found to be of 
a kind examples of which are constantly presenting 
themselves, but without attracting an amoimt of 
attention at all commensurate with their interest and 
importance. 

5. An observer who looks down upon the sea 
from a moderate elevation, on a day when the wind, 
after blowing strongly, has suddenly dropped, sees 
long lines of waves advancing towards the shore at a 
imiform pace and at equal distances from each other. 
The effect, to the eye, is that of a vast army marching 
up in column, or of a ploughed field moving along 

* Tyndall's Sounds p; 38. 



8 MOTION OF DROPS IN A SEA-WAYE. [I. § S. 

horizontally in a direction perpendicular to the lines 
of its ridges and hollows. The actual motion of the 
water is, however, very different from its apparent 
motion, as may be ascertained by noticing the beha- 
viour of a cork, or other body, floating on the sur- 
face of the sea, and therefore sharing its movement. 
Instead of steadily advancing, like the waves, the 
cork merely performs a heaving motion as the suc- 
cessive waves reach it, alternately riding over their 
crests and sinking into their troughs, as if anchored 
in the position it happens to occupy. Hence, while 
the waves travel steadily forward horizontally, the 
drops of water composing them are in a state of 
swaying to-and-fro motion, each separate drop rising 
and falling in a vertical straight line, but having no 
horizontal motion whatever^. 

« 

Thus, when we say that the waves advance hori- 
zontally, we mean, not that the masses of water of 
which they at any given instant consist, advance, but 
that these masses, by virtue of the separate vertical 
motions of their individual drops, successively arrange 
themselves in the same relative positions, so that the 
curved shapes of the surface, which we call waves, are 
transmitted without their materials sharing in the pro- 

* This statement, though not strictly accurate, is sufficiently 
near the truth for our present purpose. See Weber's Wellen- 
lehre. 
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gress. The accompanying figure will show how this 
happens. 




,^-''.F' 



Let ABCDEF represent a section of a part of 
the sea-surface at any given instant, and suppose 
that during, say, the next ensuing second of time, 
the separate drops in ABCDEF move vertically, 
either upwards or downwards as shown by the 
arrows, so that, at the end of that second, they aU 
occupy positions along the dotted curved line 
AECUEF'. The two portions, ABODE and 
B^C'UKF\ are exactly alike, and, therefore, the 
effect is just what it would have been had we 
pushed the curve ABODE along horizontally until 
it came to occupy the position B^O'UMF\ 

In order further to illustrate this point, let us 
suppose that a hundred men are standing in a line 
and that the first ten are ordered to kneel down : a 
spectator who is too far off to distinguish individuals 
will merely see a broken line like that in the 
figure below. 

CD 
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10 TRANSFERENCE OF RELATIVE POSITION. [L § 5. 

Now, suppose that, after one second, the eleventh 
man is ordered to kneel and the first to stand ; after 
two seconds the twelfth man to kneel and the 
second to stand; and so on. There will then con- 
tinue to be a row of ten kneeling men, but, during 
each se(5ond, it will be shifted one place along the line. 
The distant observer will therefore see a depression 
steadily advancing along the line. The state of 
things presented to his eye after two, six, and nine 
seconds, respectively, is shown in Fig. 2. 



:Exg.Z 








■ 




There is here no horizontal motion on the part 
of the men composing the line, but their vertical 
motions give rise, in the way explained, to the hori- 
zontal transference of the depression along the line. 
The reader should observe that for no two con- 
secutive seconds does the kneeling row consist of 
exactly the same men, while in such positions as 
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those shown in the figure, which are * separated by- 
more than ten seconds of time, the men who form it 
are totally different. 

6. Let us now return to the sea-waves, and 
examine more closely the elements of which they 
consist. 

Fig. 3 represents a vertical section of one com- 
plete wave. 




The dotted line is that in which the horizontal 
plane, forming the surface of the sea when at rest, 
cuts the plane of the figura The distance between 
the two extreme points of the wave, measured along 
this line, is called the length of the wave. C is the 
highest point of the crest DCB ; E the lowest point 
of the trough AED. CF and GE are vertical 
straight lines through C and E\ HCK and LEM 
are horizontal straight lines through the same two 
points. The vertical distance between the lines HK 
and LM is called the breadth or amplitude of the 
wave. Thus AB is the length of the wave, and, if 
we produce EG and CF to cut the lines HK and 
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LM in N and P respectively, we have, for its 
amplitude, either of the equal lines EN, PC. 
Each of these is clearly equal to FC and GE to- 
gether, that is to say, the amplitude of the wave 
is equal to the height of the crest above the level- 
line together with the depth of the trough below 
it. In addition to the length and amplitude of the 
wave, we have one more element, its form. The 
wave in the figure has its crest shorter than its trough 
and higher than its trough is deep. Moreover the part 
Z)(7of the crest is steeper than the part CB, while, in 
the trough, the parts AE and EB are equally steep. 
Sea-waves have the most varied shapes according 
to the direction and force of the wind producing 
them. Hence, before we can lay down a wave 
in a figiu-e, we must know the nature of the wave's 
. curve, or, in other words, its form. 

Since the crests of the waves are raised above 
the ordinary level of the sea, the troughs must 
necessarily be depressed below it, just as, in a 
ploughed field, the earth heaped up to form the 
ridges must be taken out of the furrows. Each 
crest being thus associated with a trough, it is con- 
venient to regard one crest and one trough as form- 
ing together one complete wave. Thus each wave 
consists of a part raised above, and a part depressed 
below, the horizontal plane which would be the 
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surface of the sea were it not being traversed by 
waves. 

7. The lengthy amplitude^ and foivn of a wave 
completely determine the wave, just as the length, 
breadth, and height of an oblong block of wood, i. e. 
its three dimensions, fix the size of the block. These 
three elements of a wave are mutually independent, 
that is to say, we may alter any one of them with- 
out altering the other two. This will be seen by 
a glance at the accompanying figures. 

Tig. 4 (0 






(2) 



(3) 





(1) shows variation in length alone; (2) in airir- 
plitude alone ; (3) in. form alone. 



14 



DROP' AND WA VE-MOTIOF. 



p. § 



(') 



(0 



(0 

CO 
(0 



(») 




I. § 8.] DROP- AND WAYE'MOTION. 15 

8. We will next study more closely the motion 
of an individual drop of water, in the surface of 
the sea, while a wave passes across it. Fig. 5 shows 
nine positions of the wave and moving drop at equal 
intervals of time, each one-eighth of the period 
during which the wave traverses a horizontal dis- 
tance equal to its own wave-length. In (1), the 
front of the wave has just reached the drop pre- 
viously at rest in the level-line represented by dots 
in the figure. In (2), the drop is a part of the way 
up the front of the crest ; in (3), at the summit of 
the crest, and, therefore, at its greatest -distance 
above the level-line. In (4), it is on the back of 
the crest, and, in (5), occupies its original position. 
It then crosses the level-line ; is on the front of the 
trough in (6), and at its lowest point in (7), where 
it attains its greatest distance below the level-line. 
In (8), it is on the back of the trough, and, in 
(9), has once more returned to its starting-point in 
the level-line. 

We have here a vibratory or oscillatory move- 
ment, like that of the end, or *bob,* of a clock- 
pendulum, but executed in a vertical straight line. 
We call the distance between the two extreme posi- 
tions of the bob, the extent of swing of the pen- 
dulum. The extent of the drop's oscillation will 
be seen, from (3) and (7), to be equal to the sum 
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of the height of the wave's crest above the level- 
line, and of the depth of the trough below it. 

But this, as was shown in § 6, is equal to the 
amplitude of the wave. Hence * extent of drop's 
vibration' and * amplitude of corresponding wave' 
are only different ways of expressing the same 
thing. 

Let the line A'OA be that in which the drop 



A 



JL 



/ 



under consideration vibrates, being in the level- 
line, A and A the limits of oscillation. The whole 
movement given in Fig. 5 will then be from to Ay 
from A through to A\ and from A^ back again to 
O. This is termed one complete vibration, and 
since, in the course of it, each portion of the drop's 
path is passed over twice, one complete vibration 
is equal to an upward swing from A^ to A together 
with a downward swing from A to A\ In the 
clock-pendulum we have, during each second, one 
complete oscillation, consisting of one swing from 
left to right and one from right to left. 
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Reference to Fig. 5 at once stows that, during 
the time occupied by the wave in traversing its 
own wave-length, the moving drop performs one 
complete vibration, or, to express the same fact in 
the reverse order, that while the drop makes one 
complete vibration, the wave advances through one 
wave-length. This is a most important principle, 
and should be thoroughly mastered and borne in. 
mind by the student. 

9. What has just been proved for a particular 
drop is, of course, equally true for any assigned 
drop in the surface passed over by a wave. All the 
drops, therefore, go through exactly the same vi- 
brations in exactly equal times, but, since each drop 
can only start at the moment when the front of the 
wave reaches it [Fig. 5, (1)], they will in general 
occupy different positions in their paths at the same 
time. We may illustrate this by supposing a 
number of watches, which keep good time, to be 
set going successively in such a way that the first 
shall mark xn at twelve o'clock, the second at 
five minutes past twelve, the third at ten mi- 
nutes past twelve, and so on. The hands of each 
watch will describe the same paths in equal times, 
but, at any assigned moment, will occupy different 
positions in those paths corresponding to the late- 
ijjB^s of their several starts. The drops in the sea- 
T. 2 
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surface, being, in tliis manner, thrown successively 
into the same vibratory motion, give rise, bj their 
consequent varieties of position at any assigned 
moment, to the transmission of the form which we 
call a wave. 




• 

When a series of continuous equal waves, such 

as those in Figure 7, are being transmitted, each 
oscillating drop, after completing one vibration, 
will instantly commence another precisely equal 
vibration, and go on doing so as long as the series 
of waves lasts. The kind of motion in which the 
same movement is continuously repeated in suc- 
cessive equal intervals of time, is called Aperiodic,' 
and the time which any one of the movements 
occupies is called its ^period.' Thus, to continuous 
equal waves correspond continuous periodic drop- 
vibrations. 

10. We will next compare the periods of the 
drop-vibrations corresponding to waves of different 
lengths advancing with equal velocities. 

In Fig. 8 waves of three different lengths are 
ref rasented. One wave of (1) is as long as two of 
(2), and as three of (3). Therefore a drop makes 
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oiie complete vibration in (l) while the long wave 
passes from -4 to jB, two in (2) while the shorter 
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waves there presented pass over the same distance, 
and three in the case of the shortest waves of (3). 
But the velocities of these waves being, by our sup- 
position, equal, the times of describing the distance 
AB will be the same in (1), (2), and (3). Hence a 
drop in (2) vibrates twice as rapidly, and a drop in 
(3) three times as rapidly, as a drop in (l); or con- 
versely, a drop in (1) vibrates half as rapidly as a. 
drop in (2), and one third as rapidly as a drop in (3). 
The rates of vibration in (1), (2) and (3), (by 
which we mean the numbers of vibrations performed 
in any given interval of time) are, therefore, propor-^ 

2—2 



20 MODES OF OSCILLATION. [I. § H. 

tional to tte numbers 1, 2 and 3, which are them- 
selves inversely proportional to the wave-lengths in 
the three cases, respectively. We may express our 
result thus ; the rate of drop-vibration is inversely 
proportional to the corresponding wave-length. The 
same reasoning will apply equally well to any other 
case ; the proposition, therefore, though derived from 
particular relations of wave-lengths, is tnie univer- 
sally. 

11. We have now connected the extent of the 
drop- vibration with the amplitude, and its rate 
with the length, of the corresponding wave. It re- 
mains to examine what feature of the oscillatory 
movement corresponds to the third element, the 
form, of the wave. 

Fig. 9. 

1 1 I 

BO ji 

Suppose that two boys start together to run a 
race from to ^, from A to B, and from B back to 
0, and that they reach the goal at the same moment. 
They may obviously do this in many different ways. 
For instance, they may keep abreast all through, 
or one may fall behind over the first half of the 
course and recover the lost ground in the second. 
Again, one may be in front over OAO, and the other 
over OBO, or each boy may pass, and be passed by, 
his competitor, repeatedly during the race. We may 
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regard the movement of each boy as constituting 
one complete vibration, and thua convince ourselves 
that an oscillatory motion of ^ven extent and period 
may be performed in an indefinitely numerous 
variety of vnodes. Let us now compare the positions 
of a drop at successive equal intervals of time, 
when cooperating in the transmission of waves of 
different forms. 




In each of the three cases in Fig. 10 the front 
of a wave-crest is shown in the positions it respec- 
tively occupies at the end of ten equal intervals of 
time (each one tenth of that occupied by the wave 
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in traversing a quarter-wave-length), the apex of 
the "wave being successively at the equidistant points 
of the level line 1, 2, 3, 4, &c. 

A drop whose place of rest is 0, will then assume 
the corresponding positions in the vertical line OA : 
thufi the points where this line cuts the successive 
Uyave-fronts show the positions of the vibrating drop 
at equal intervals of time. 

By comparing the three cases it wiU be seen 
that the mode of the drop's vibration is distinct in 
each. In (1), it moves fastest at 0, and then slackens 
its pace up to A. In (2), it starts more slowly than 
in (1), attains its greatest speed near the middle of 
OAy and again slackens on approaching A. In 
(3), the pace steadily increases from O to A. The 
different waves in the figure have been purposely 
drawn of the same amplitude and length, in order 
that only such variations as were due to differences 
of form might come into consideration. The reader 
should construct for himself similar figures with 
other wave-forms, and so convince himself, more 
thoroughly, that every distinct form of wave has 
its own special mode of drop-vibration. 

12. The converse of this proposition is also 
true, viz. that each distinct mode of drop-vibration 
gives rise to a special form of wave. - We will 
^ow this by actually constructing the form of wavQ 
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whicli answers to a given mode of drop-vibration. 
When a drop vibrates in a given mode, its position 
at any assigned moment during its vibration is of 
course known. If we also know the amount by 
which drops further on in the level-line are lata'' 
in their starts [§ 9] than drops less advanced 
in that line, we can assign the positions of any 
nmnber of given drops at any given instant of 
time. 

Suppose that each drop makes one complete 
vibration per second about its position of original 
rest in the level-line. The law of its vibration is 
roughly indicated in Fig. 11. 
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AB is the path described by any drop; its 
position when in the level line; 1, 2, 3, 4... 16 its 
positions after 16 equal intervals of time each 
one-sixteenth of a second: 16 coincides with O, 
i.e. the drop has returned to its starting-point. 
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Next, select a aeries of drops originally at reat in 
equidistant positions along the level-line, and so 
situated that each commences a vibration, identical 
■with that above laid down in Fig. 11, one-sixteenth 
of a second after the drop next it has started on an 
equal osciUation. Fig. 12 shows the rest-positions 
of the series of drops 

Oo, Oi, Oj, Oa—Oia, 
' in the level-linej and their contemporaneous poaitiona 
«o, Oi', Oa'j V— «ie. 
during a subsequent vibration. 
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The moment selected for the figure is that in 
which the firat of the series, a,, is on the point of 
commencing its vibration in a vertical direction. 
Since the second drop started one-sixteenth of a 
second after the first, its position in the figure 
■will be below the level-line at a^' making the line 
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Oi a^ equal to the line 015 in Fig. 11. The next 
drop, which is two-sixteenths behind a© in its path, 
will be at a^ making a^ a/ equal to Ol4 in the same 
figure. In this way the positions of all the points 
a( a^a^y &c., in Fig. 12 are determined from Fig. 11. 
They give us, at once, a general idea of the form of 
the resulting wave. By laying down more points 
along the line AB in Fig. 11, we can get as many 
more points on the wave as we please, and should 
thus ultimately arrive at a continuous curved line. 
This is the wave-form resulting from the given vi- 
bration-mode with which we started, and, since only 
one wave-form can be obtained from it, we infer 
that each distinct mode of drop- vibration gives rise 
to a special form of wave. 

It has now been sufficiently shown that corre- 
spondiQg to the three elements of a wave, ampli- 
tudey lengthy and ybrm, there are three elements of its 
proper drop-vibration, extent ^ rate, and mode. 

1 3. We have seen that a sea-wave consists of a 
state of elevation and depression of the surface above 
and below the level-plane. The same thing holds 
of the small ripples set up by throwing a stone into 
a pond, and the non-progressive nature of the motion 
of individual drops on the surface can be as easily 
made out on a small, as on a large sheet of water. 
Moreover the characteristic phenomenon on whic^ 



26 EXTENSION OF TERM ' WA 7E: [I. § U. 

we have been engaged, viz. a uniformly progressive 
motion arising out of a number of oscillatory move- 
ments, is by no means confined to liquid bodies. 
Thus, when a carpet is being shaken, bulging forms, 
exactly like water-waves, are seen running along it. 
A flexible string, one end of which is tied to a 
fixed point, and the other held in the hand, ex- 
hibits the same phenomenon when the loose end is 
suddenly twitched. It has accordingly been found 
convenient to extend the term ^wave' beyond its 
original meaning, and to designate as ^ wave-motion ' 
any movement which comes under the definition just 
laid down. We proceed to an instance of such 
motion which is important from its similarity to 
that to which the transmission of Sound is due. 

14. Any one who has looked down from a slight 
elevation on a field of standing com on a gusty day, 
must have frequently observed a kind of thrill 
running along its surface. As each ear of com is 
capable of only a slight swaying movement, we have 
here necessarily an instance of wave-motion, the ear- 
vibrations corresponding to the drop-vibrations in 
water-waves. There is, however, this important dif- 
ference between the cases, that the ears' movements 
are mainly horizontal, i. e. in the line of the wavers 
advance, whereas the drop-vibrations are entirely 
perpendicular to that line. The advancing wave 
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is therefore no longer exclusively a state of elevation 
or depression of surface, but of more tightly, or less 
tightly, packed ears. The annexed figure gives a 




rough idea how this takes place. The "wind is sup- 
posed to be moving from left to right and to have 
just reached the ear A. Its neighbours to the right 
are still undisturbed. The stalk of C has just swung 
back to its erect position. The ears about B are 
closer to, and those about C further apart from, each 
other, than is the case with those on which the 
wind has not yet acted. 

After this illustration, it will be easy to con- 
ceive a kind of wave-motion in which there is no 
longer {as in the case of the ears of com) any move- 
ment transverse to the direction in which the wave 



15. Let a series of points, ori^aUy at rest in 
equidistant positions along a straight line, as in (0), 
Fig. 14, be executing equal periodic vibrations in 
that line, in such a manner that each point is a 
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certain fixed amount further back in its path than 
is its neighbour on one side, and therefore exactly as . 
much more forward than is its neighbour on the 
other side. 

(1) shows the condition of the row of points 
at the moment when the extreme point on the left 
is beginning its swing from left to right, which, in 
accordance with the direction of the arrow in the 
figure, we may call its forward swing. The equi- 
distant vertical straight lines fix the extent of 
vibration for each oscillating point. The constant 
amount of retardation between successive points is, 
in the instance here selected, one-eighth of the path 
traversed by each point during the period of a 
complete oscillation. Thus, proceeding from left to 
right along the line (l), we have the first point 
beginning a forward swing, the second, third, fourth 
and fifth points entering respectively on the fourth, 
third, second, and first quarters of a backward swing, 
and the sixth, seventh, eighth and ninth points on 
the fourth, third, second, and first quarters of a 
forward swing. 

Since the ninth point is just beginning a forward 
swing, its situation is exactly the same as that of 
the first point. Beyond this point, therefore, we 
have only repetitions of the state of things between 
the first and ninth points. The row (1) is therefore 
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made up of a series of groups, or cycles, of the same 
number of points arranged in the same manner 
tiiroughout. Two such cycles, included by the large 
brackets A and B, are shown in (1). Each cycle is 
divided by the small brackets a, a' and h, h' into 



30 LONGITUDINAL VIBRATIONS. [I. § 15. 

two parts. In a and 6 the distances between suc- 
cessive points are less than, and in a! and }/ greater 
than, the corresponding distances when the points 
occupied their undisturbed positions, as in (0). The 
cycles correspond to complete waves on the surface 
of water, the shortened and elongated portions of 
each cycle answering to the crest, and trough of 
which each water-wave consists. 

(2) shows the state of the row of points when 
an interval of time equal to one eighth of the 
period of a complete point-vibration, has elapsed 
from the moment shown in (1). The wave A has 
here moved forward into the position indicated by 
the dotted lines. 

The following rows (3,) (4), (5), &c., show the 
state of things when two-eighths, three-eighths, 
four-eighths, &c., of a vibration-period has elapsed 
since (1). In each, the wave A moves forward one 
step further. 

In (9), a whole vibration-period has elapsed since 
(1). Accordingly every oscillating point has per- 
formed one complete vibration, and returned to the 
position it held in (1). The wave A^ meanwhile, 
has travelled constantly forward so as to be, in (9), 
where 5 was in (1), i.e. to have advanced by one 
whole wave-length. The proposition proved for. 
waves due to transverse vibrations in § 8 is thus 
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shown to hold good likewise for waves due to longitit" 
dined vibixUions. 

16, In the waves shown in Fig. 14, the points 
in the bracket a are mutually equidistant, as are 
also those in the bracket 6. This is due to the 
fact that, in the case there represented, the oscil- 
lating points move imiformly, i. e. with equal ve- 
locity, throughout their paths. If we take other 
modes of vibration, we shall find that this equi- 
distance no longer exists. Fig. 15 shows three 
distinct modes of vibration with the wave resulting 
from each, on the plan of (1) Fig. 14. The extent 
of vibration, and length of wave, are the same in 
the three cases. 

• 

In (I) the points move quickest at the middle 
and slowest at the ends, of their paths; in (II) 
fastest at the ends, and slowest in the middle; in 
(III) slowest at the left end, and fastest at the 
right. 

The shortest distance separating any two points 
contained in a is, in (I), that between 7 and 8 ; in 
(II), that between 8 and 9 ; in (III), that between 
5 and 6. The corresponding greatest distances are, 
in (I), between 2 and 3 ; in (II), between 1 and 2 ; 
in (III), between 4 and 5. The remaining points 
likewise exhibit difierences of relative distance in 
the three cases. Thus, the positions of greatest 
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shortening, and greatest lengthening, occupy dif- 
ferent situations in the wave, and the interme- 
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diate variations between them proceed according 
to different laws, when the modes of point-vibra- 
tion are different. The more points we lay down 
in their proper positions in a and 6, the less 
abrupt will be the changes of distance between 
successive points. By indefinitely increasing the 
number of vibrating points, we should ultimately 
arrive at a state of things in which perfectly con- 
tinuous changes of shortening and lengthening inter- 
vened between the positions of maximum shorten- 
ing and maximum lengthening in the same wave. 
17. Let us now replace our row of indefinitely 
numerous points by the slenderest filament of some 
material whose parts (like those of an elastic string) 
admit of being compressed, or dilated, at pleasure. 
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When any portion of the filament is shortened, a 
larger quantity of material is forced into the space 
which was before occupied by a smaller- quantity. 
The matter within this space is, therefore, more 
tightly packed, more dense, than it was, L e. a process 
of condensation has occurred. On the other hand, 
when a portion of the filament is lengthened, a 
smaller quantity is made to occupy the space before 
occupied by a larger quantity. Here the matter is 
more loosely packed, more rare, than it was, i. e. a 
process of rarefaction has taken place. 

Let us now suppose the particles, or smallest 
conceivable atoms, of the filament, to be thrown into 
successive vibrations in the manner already so fully 
explained. Alternate states of condensation and 
rarefaction will then travel along the filament. It 
will be convenient to call these states * pulses' — of 
condensation or rarefaction as the case may be. A 
pulse of condensation and a pulse of rarefaction to- 
gether make up a complete wave. 

18. The degree of condensation, or rarefaction, 
existing at any given point of a wave has been 
shown to depend on the mode in which the particles 
of the filament vibrate. It is therefore desirable 
to have some simple method, appealing directly to 
the eye, of exhibiting the law of any assigned mode 
of vibration which takes place in a straight line, 

y, 3 
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We may arrive at such a method by the foUowing 
considerations. 

When a line of particles vibrate longitudinally, 
they give rise to waves of condensation and rarefac- 
tion ; when transversely, to waves of displacement 
on opposite sides of the line of particles in their 
positions of rest. Nevertheless, if the vibrations in 
the two cases are identical in all other respects save 
direction alone, the distance which, at any moment, 
separates an assigned particle from its position of 
rest will be the same, whether the vibrations are 
longitudinal or transverse. It is therefore only 
necessary to construct the wave corresponding to any 
system of transverse vibrations, in the way shown 
in § 12, to obtain the means of fixing the position of 
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an assigned particle, at any given moment, for the 
same system of vibrations executed longitudinally. 

Let AB and CD, Fig. 16, be lines of particles 
executing vibrations transverse to AB, and along CD, 
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respectively. Let a and 6 be corresponding particles 
in their positions of rest. Draw the transverse wave 
for any given instant of time : the particle originally 
at a will now be at a\ and that originally at 6, at h\ 
making hV equal to ao!. 

By performing the same process for different 
instants, we can find as many corresponding po- 
sitions of the longitudinally vibrating particle as 
we please. It is true that we learn nothing new 
by this, since we cannot construct the wave-curve 
without knowing beforehand the mode of the par- 
ticle's vibration [§ 12], Still when we are dealing 
with longitudinal particle-vibrations, and require 
to know the law of the variation of condensation 
and rarefaction at different points of a single 
wave, it is convenient to have a picture of the 
mode of vibration by which, as we know [§ 16], 
that law is determined. Such a picture we have in 
the form of the wave produced by the same mode 
of vibration when executed transversely. Let us 
call the wave so related to a given wave of con- 
densation and rarefaction, its associated wave. 

19. Before leaving this portion of the subject, it 
will be advisable to draw the associated wave for 
that particular mode of longitudinal vibration in 
which each particle moves as if it were the extremity 
of a pendulimi traversing a path which is very short 
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compared to the pendulum's length. The meaning 
of this limitation will be' easily seen from Fig. 17. 

Let be the fixed point of suspension ; OA the 
pendulum in its vertical position ; AB a. portion of 
a circle with centre and radius OA ; a, h, c, d, 
points on this circle ; AD a horizontal straight line 




through A ; a(^, hb', cd, dd' verticals through a, h, 
c, d, respectively. If the pendulum is placed in the 
position Oa, and lefb to itself, it will swing through 
twice the angle aOA before it turns back again. 
Similarly if started at Oh, it will swing through 
twice the angle hOA; if at Oc, through twice the 
angle cOA, and so on. Now, the extremity of the 
pendulum, when at a, is further from the horizontal 
line, AD, than when it is at h, since aa! is greater 
than 66', and at 6 further thaa at c. If we make 
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the pendulum vibrate through only a small angle, 
by startmg it, say, in the position Ody its extremity 
will, throughout its motion, be very near to the 
horizontal straight line AD. If we make the angle 
small enough, or, which is the same thing, take 
Ad sufficiently small compared with OA^ we may, 
without any perceptible error, suppose the end of 
the pendulum to move in a horizontal straight line, 
instead of in a circular arc, i. e. along d'A instead of 
dA. To take an actual case, let us suppose the 
pendulum to be 10 ft. long, and that its extent of 
swing is 1 inch on either side of its vertical position. 
A very easy geometrical calculation will show that 
the end of the pendulum will never be as much as 

— — th of an inch out of the horizontal straight line 

drawn through it in its lowest position. This is a 
vanishing quantity; we may, therefore, safely regard 
the vibration as performed along d!A instead of dA. 
Such a vibration, though executed in a straight 
line instead of in the arc of a circle, we may pro- 
perly call a pendulum-vibration, as expressing the law 
according to which it takes place. This law admits 
of easy geometrical illustration as follows. Let a 
ball, or other small object, be attached to some part 
of an upright wheel revolving uniformly about a fixed 
axis, so that the ball goes roimd and roimd in the 
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same vertical circle with constant velocity. If the 
sun is in the zenith, i. e. in such a position that the 
shadows of all objects are thrown vertically, the 
shadow of the hall on any horizontal plane helow it 
will move exactly as does the hob of a pendulum. 

The form of the associated wave for longitudinal 
pendulum-vibrations is shown in Fig. 17 (a). 
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Betaining the form of the curve, we may make 
its amplitude and wave-length as large or as small 
as we please, as in the case of the waves in Fig. 4, 
(1) and (2), p. 13. 

20. We have examined the transmission of 
waves due to longitudinal vibrations along a single 
very slender filament. Suppose that a great number 
of such filaments are placed side by side in contact 
with each other, so as to form a uniform material 
column. If, now, precisely equal waves are trans- 
mitted along all the constituent filaments simulta- 
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neously, successive pulses of condensation and rare- 
ii^aon will pass Jong the column. The parts in 
any assigned transverse section of the column wUl, 
obviously, at any given moment of time, all have 
exactly the same degree of compression or dilatation. 
When a pulse of condensation is traversing the 
section, its parts will be more dense, when a pulse 
of rarefaction is traversing it, less dense, than they 
would be, were the column transmitting no waves 
at all, and its separate particles, therefore, absolutely 
at rest. Let the column with which we have been 
dealing be the portion of atmospheric air enclosed 
within a tube of uniform bore. The phenomena 
just described will then be exactly those which 
accompany the passage of a soimd from one end of 
the tube to the other. It remains to examine the 
mechanical cause to which these phenomena are 
due. 

Atmospheric air, in its ordinary condition, exerts 
a certain pressure on all objects in contact with it. 
This pressure is adequate to support a vertical 
column of mercury 30 inches high, as we know by 
the common barometer. In Fig. 18 is shown a sec- 
tion of a tube closed at one end, with a moveable 
piston fitting into the other. In (1) the air on both 
sides of the piston is in the ordinary atmospheric 
condition, so that the pressure on the right face of 
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tHe piston is counteracted by an exactly equal and 
opposite pressure on its left face. 
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In (2) the piston has been moved inwards, so as 
to compress the air on the right of it. That on its 
left, being in free communication with the external 
air, is not permanently affected by the motion of the 
piston. In order to retain the piston in its forward 
position, it is necessary to exert a force upon it, in 
the direction of the arrow. If this force is relaxed, 
the piston is driven back. Since the pressure of the 
air on the left of the piston is just what it was 
before, that on its right must necessarily have in- 
creased. But this increase of pressure is accom- 
panied by an increase of density, due to the com- 
pression of the air on the right of the piston. Hence 
increase of pressure accompanies increase of density^ 
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If, as in (3), we reverse the process, by moving the 
piston outwards, the extraneous force must be ex- 
erted in the opposite direction, as shown by the 
arrow. The pressure on the right of the piston is 
therefore less than the normal atmospheric pressure 
on its left, i. e. diminution of pressure accompanies 
diminution of density. By experiments such as the 
above, it was shown, by the French philosopher 
Mariotte, that the pressure of air varies as its 
density. • 

21. Next, let us take a cylindrical tube open at 
one end and having a moveable piston fitting into 
the other, as in Fig. 19. 

In (1) the piston is at rest at A, and the air in 
its ordinary atmospheric condition of density and 
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pressure. In (2) the piston is pushed inwards as far 
OS C. While it is moving up to this position, the 
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air-particles in front of it are thrown into motion. 
Suppose that, at the moment when the piston reaches 
(7, the particles at D are just beginning to be dis- 
turbed. The air which, in (l), occupied ^JB, is now 
crowded into CD, and is, therefore, denser than that 
further on in the tube. Now, let the piston be 
drawn back to E, (3), as much to the left of its 
original position. A, (1), as, in (2), it was to the 
right of it. The air in CD, (2), will, while this is 
taking place, expand into EF; for, being denser, it 
will also be at a greater pressure, than the air to the 
right of it. It will, therefore, act on the air in 
advance of it in the same way as the piston did on 
the air in contact with it when moving from ^, (1) 
to (7, (2). Hence the air in jP(t will be condensed, 
G being the point where the air particles are just 
beginning to be disturbed when the piston reaches 
the position E. Thus the air at D advances to F. 
Further, in consequence of the backward motion of 
the piston, the air in the neighbourhood of (7, (2), 
has to move to E, (3). Thus the air originally in 
AB now occupies EF, which is greater than AB. 
It is therefore less dense than in (1), i.e. is in a state 
of rarefaction. Now, let the piston again advance to 
H, (4). The air in FG being at a greater pressure 
than that in its front, and stiU more so than that 
in its rear, will expand in both directions, causing a 
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new condensation, XJ/, to be formed further on, and 
itself becoming the rarefaction KLy co-operating, at 
the same time, with the advancing piston to pro- 
duce in its own rear the condensation HK. In (5) 
the piston is again where it was in (3). HK has 
expanded into the rarefaction iNTO, KL contracted 
into the condensation OP, LM expanded into the 
rarefaction PQ^ and a new condensation, QR, been 
formed in front. 

The figure makes it clear that each forward 
stroke of the piston produces a pulse of condensation, 
and each backward stroke a pulse of rarefaction ; but 
that, when once formed, these pulses travel onwards 
independently of any external force. They do so, as 
we have seen, in virtue of the relation which 
connects the pressure of the air with its density, in 
other words, on the elasticity of the air. 

If we suppose our moveable piston withdrawn 
from the tube, and a vibrating tuning-fork held with 
the extremity of one prong close to the orifice of the 
tube, the conditions of the problem will not be 
essentially modified. Each outward swing of the 
prong will give rise to a condensed, and each inward 
swing to a rarefied pulse, and thus, during every com- 
plete vibration of the fork, one sonorous wave, con- 
sisting of a pulse of condensation and a pulse of rare- 
faction, wUl be started on its journey along the tube. 
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22. We have examined the transmission of 
Sound along a coliunn of air contained in a tube of 
uniform bore. A more important case is that in 
which a sound, originated at an assigned point, 
spreads out from it freely in all directions. Here we 
must conceive a series of spherical shells, alternately 
of condensed and of rarefied air, one inside the other, 
and all having the point of origination of the sound 
as their common centre. All the shells must be 
supposed to expand uniformly like an elastic globular 
balloon constantly inflated with more and more gas. 
The great difference between this case and that 
last considered lies in this, that, as the spherical 
shells of condensation and rarefaction spread, it is 
necessary, in order to keep up the wave-motion, 
to throw larger and larger surfaces of air into vibra- 
tion ; whereas within the tube the transverse section 
remained the same throughout. Hence, as the same 
amount of original disturbing force has to set a 
constantly increasing nimiber of air-particles into 
motion, it can only do so by proportionately shorten- 
ing the distances through which the individual 
particles move, i. e. by diminishing their extent of 
vibration. Accordingly when Sound-waves spread 
out freely in all directions, the further any given 
air-particle is from the point at which the sound 
originated, the smaller will be the extent of the 
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vibration into wHch it will be thrown when the 
waves reach it. 

23. Sounds are either musical or non-musical. 
The vast majority of those ordinarily heard — the 
roaring of the wind, the din of traflSc in a crowded 
thoroughfare — belong to the second class. Musical 
sounds are, for the most part, to be heard only from 
instruments constructed to produce them. The dif- 
ference between the sensations caused in our ears by 
these two classes of sounds is extremely well marked, 
and its nature admits of easy analysis. Let a note 
be struck and held down on the harmonium, or on 
any instrument capable of producing a sustained 
tone. However attentively we may listen, we per- 
ceive no change or variation in the sound we hear. 
A perfectly continuous and uniform sensation is 
experienced as long as the note is held down. If, 
instead of the harmoniiun, we employ the pianoforte, 
where the sound is loudest directly after the moment 
of percussion, and then gradually dies away, the 
result of the experiment is that the diminution of 
loudness is the only change which occurs : the effect 
produced is the same as if our harmonium had, while 
sounding out its note, been carried gradually further 
and further away from us. 

In the xjase of non-musical sounds, variations of a 
different kind can be easily detected. In the howl- 
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ing of the wind the sound rises to a considerable 
degree of shrillness, then falls, then rises again, and 
so on. On parts of the coast, where a shingly beach 
of considerable extent slopes down to the sea, a sound 
is heard in stormy weather which varies from the 
deep thundering roar of the great breakers, to the 
shrill tearing scream of the shingle dragged along by 
the retreating surf. Similar variations may be no- 
ticed in sounds of small intensity, such as the rust- 
ling of leaves, the chirping of insects, and the like. 
The difference, then, between musical and non- 
musical sounds seems to lie in this, that the former 
are constant, while the latter are continually varying. 
The human voice can produce sounds of both classes. 
In singing a sustained note it remains quite steady, 
neither rising nor falling. Its conversational tone, 
on the other hand, is perpetually varying in height 
even within a single syllable ; directly it ceases so to 
vary, its non-musical character disappears, and it 
becomes what is commonly called ^sing-song.' 

We may then define a musical sound as a steady 
sound, a non-musical sound as an unsteady sound. 
It is true we may often be puzzled to say whether 
a particular sound is musical or not: this arises, 
however, from no defect in our definition, but from 
the fact that such sounds consist of two elements, a 
musical and a non-musical, of which the latter may 



L § 23.] STEADINESS OF MUSICAL SOUNDS. 47 

be the more powerful, and therefore absorb our at- 
tention, until it is specially directed to the former. 
For instance, a beginner on the violin often produces 
a sound in which the irregular scratching of the bow 
predominates over the regular tone of the string. 
In bad flute playing, an unsteady hissing sound 
accompanies the naturally sweet tone of the instru- 
ment, and may easily surpass it in intensity. In the 
tones of the more imperfect musical instruments, 
such as drums and cymbals, the non-musical element 
is very prominent, while in such sounds as the 
hammering of metals, or the roar of a water-fall, we 
may be able to recognize only a trace of the musical 
element, all but extinguished by its boisterous com- 
panion. 

We have seen that Sound reaches our ears by 
means of rapid vibrations of the particles of the 
atmosphere. It has also been shown that steadiness 
is the characteristic feature of musical, as distin- 
guished from non-musical, sounds. We may infer 
hence that the motion of the air corresponding to a 
single musical sound will be itself steady, i. e. that 
equal numbers of equal vibrations will be executed 
in precisely equal times. This conception of the 
physical conditions under which musical sounds are 
produced will suffice for the present. We proceed 
to consider in detail the various ways in which such 
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sounds may differ from eacli other, and to investi- 
gate the mechanical cause to which each such dif- 
ference is to be referred. In what follows, by the 
word * sound ' will always be meant * musical sound,' 
imless the contrary be expressly stated. 



CHAPTER 11. 

ON LOUDNESS AND PITCH. 

24. A musical sound may vary in three different 
respects. Let a note be played, first by a single 
violin, then, by two, by tbree, and so on, until we 
have all the violins of an orchestra in unison upon 
it. This is a variation of loudness only. Next, let 
a succession of notes be played on any instrument 
of uniform power, such as the harmonium without 
the expression-stop, or on the principal manual of 
an organ, only one combination of stops being in 
either case used. Here we have a variation of pitch 
alone. Lastly, let one and the same note be suc- 
cessively struck on a number of pianofortes of the 
same size, but by different makers. The sounds 
heard will all have exactly the same pitch, and about 
the same degree of loudness ; nevertheless they will 
exhibit decided differences of character. The tone 
of one instrument will be rich and full, of another 
ringing and metallic, that of a third will be described 
as * wiry,' of a fourth as ' tinkling/ and so on. 

Sounds thus related to each other are said to 

vary in quality only. The instances just considered 
T, 4 
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have the advantage of simplicity, since they allow 
of changes in loudness, pitch, and quality being 
exhibited separately. They are, however, less strik- 
ing than other cases where sounds vary in two, or 
in all three, of these respects at the same time. A 
practised ear may be requisite to detect the difference 
between the tone of two pianofortes, but no one 
is in danger of mistaking, for instance, a flute for a 
trumpet. There is here, no doubt, considerable differ- 
ence of loudness as well as of quahty, but let the 
more powerful instrument be placed at such a dis- 
tance that it sounds no louder than the weaker one, 
and the distinction between the two kinds of tone 
will be still quite decisive. 

Two assigned musical sounds thus may differ 
from each other in loudness or pitch or quality, and 
agree in the other two — or they may differ in any 
two of these, and agree in the third — or they may 
differ in all three. There is, however, no other respect 
in which they can differ, and accordingly we know 
all about a musical sound as soon as we know its 
loudness, its pitch, and its quality. These three 
elements determine the sound, just as the lengths of 
the three sides of a triangle determine the triangle. 

25. The loudness of a musical sound depends 
entirely, as we shaU easily see, on the extent of 
oscillatory movement performed by the individual 
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paxticles composing the medium througli which the 
sound is conveyed to our ears. A sound-producing 
instrument can be readily observed to be in a state 
of rapid vibratory motion. The vibrations of a 
tuning-fork are perceptible to the eye in the fuzzy, 
half-transparent, rim which surrounds its prongs 
when it is struck ; and to the touch, if, after striking 
the fork, we place a finger gently against one of 
the prongs. The harder we hit the fork the louder 
is its sound, and the larger, estimated by both the 
above modes of observation, are its vibrations. The 
experiment may be tried equally well on any piano- 
forte whose construction allows the wires to be 
uncovered. It is natural to infer that a vibration on 
the part of a sound-producing instrument com- 
municates to the particles of the air in contact with 
it a corresponding movement. Thus a sound of 
given loudness is conveyed by vibrations of given 
extent, and, if the sound increases or diminishes in 
intensity, the extent of the vibrations will increase 
or diminish with it. 

We conclude, then, that the loudness of a musical 
sound depends solely on the extent of excursion of 
the particles which constitute the conveying mediimi 
in the neighbourhood of our ears. This last condition 
is clearly essential, since a sound grows more and 
more feeble, the greater our distance from the point 

4—2 
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•where it is produced. This diminution of intensity 
with the increase of distance from the origin of 
sound is a direct consequence of the connection be- 
tween loudness and extent of vibration. "We have 
peen [§ 22] that the further an air particle is from the 
point where a sound is produced, the smaller will be 
the extent of the vibration into which it is thrown by 
the sonorous wave. Hence, as the sound advances, it 
will necessarily become feebler, provided always that 
the waves are permitted to spread out in all direc- 
tions. If they are confined, say, in a tube, the 
intensity of the sound will not diminish with any- 
thing like the same rapidity. We have here the 
theory of message-pipes, which are used in large 
establishments to enable a conversation to be carried 
on between distant parts of a building. A whisper, 
inaudible to a person close to the speaker, may, by 
their means, be perfectly well heard by a listener at 
the other end of the tube. 

26f We have next to enquire to what mechani- 
cal causes differences in the pitch of musical sounds 
are to be referred. Rough observation at once in- 
dicates the direction in which we must look. If we 
draw the point of a pencil along a rough surface, 
first slowly and then more quickly, the sound heard 
wiU be distinctly shriller the more rapid the move- 
ment of the pencil. As its point passes over the 
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minute elevations and depressions whicli constitute 
the roughness of the surface, a series of irregular 
vibrations are set up in the materials of the siuface, 
and by them communicated to the air. The more 
rapid are these vibrations, the shriller does the sound 
become. The instrument described below, which is 
called a * Syren,' gives us the means of following up 
with accuracy the hint just obtained. 



I'iff.20 




AB is a thin circular disc of tin or card-board, 
which, by means of a multiplying wheel, can be set 
in rapid revolution about a fixed axis through its 
centre, C. A series of holes (eight in the figure) are 
punched in the disc at equal distances along a circle 
having its centre at C. A small tube, ah, is held 
with one end close to one of the holes. If, while the 
disc is rotating, we blow steadily and continuously 
into the tube at a, a certain quantity of air will 
pass through the disc whenever a hole traverses the 
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orifice 6, of the tube ah. During the intervals of 
time which elapse between the passage of adjacent 
holes across 6, no air can pass through the disc. 
Hence, if the disc be revolving uniformly, a series of 
such discharges will succeed each other at perfectly 
regular intervals of time. The air on the other side 
of the disc will necessarily be agitated by the process. 
Every time that air is driven through one of the 
holes, an increase of pressure occurs close to it, and 
accordingly a pulse of condensation is formed there. 
The elastic force of the air will give rise to a pulse 
of rarefaction during each interval between successive 
discharges. Hence the Syren supplies us with a 
regular series of alternate condensations and rare- 
factions which when sufl&ciently rapid will, as we 
have seen, produce a musical sound. 

27. While air is being blown steadily into the 
tube, let the disc be made to revolve slowly, and then 
with gradually increasing rapidity. At first nothing 
will be audible but a series of Mnt intermittent 
throbs, due to the impact of the air driven through 
the tube against the successive portions of the disc 
which separate its holes. This sound may be exactly 
reproduced by moving the fore-finger to and fro 
rapidly before the lips, while blowing through them. 
It contributes nothing to the proper musical sound 
of the instrument, and is only audible in its imme- 
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diate neighbourhood. Presently, a deep musical 
sound begins to be heard, which, as the velocity of 
rotation increases, constantly rises in pitch. The 
acuteness of the sound thus obtainable depends 
solely on the speed to which we can urge the instru- 
ment, and is therefore limited only by the driving- 
power at our command. The rise of pitch in this 
experiment is perfectly continuous, that is to say, 
the soimd of the Syren, in passing from a graver 
to a more acute note, goes through every possible 
intermediate degree of pitch. It is important that 
we should fiimiliarize ourselves with this conception 
of the continuity of the scale of pitch, because in 
the instrument from which our ideas on this subject 
are usually obtained — the pianoforte — the pitch 
alters discontinuously , i.e. by a series of jumps of 
half a tone each, and we are thus tempted to ignore 
the intervening degrees of pitch, or even to suppose 
them non-existent. The more perfect musical in- 
struments, such as the human voice or the violin, 
are as capable as the Syren of passing through all 
degrees of pitch from one note to another in the 
way called ^ portamento^ or ^slurring.' 

It is clear from the nature of the Syren's con- 
struction, that the only change which can take place 
during the rise of pitch is the increased number of 
impulses communicated to, and therefore of vibrations 



M MEASURE OF PITCH. pi. § 28. 

Set up in, tlie external air, during any given interval 
of time. If, when a note of given pitch has been 
attained by the Syren, we check any further increase 
of velocity, and cause the disc to rotate uniformly 
at the rate which it has just reached, no further 
alteration of pitch will occur, and the note will be 
steadily held by the instrument, so long as the uni- 
form rotation of its disc is kept up. Hence the num- 
ber of aerial vibrations eocecuted in a given time de- 
termines the pitch of the sound heard. 

28. The Syren, besides teaching us this most 
important fact, gives us the means of determining 
the number of vibrations corresponding to any given 
note. If we know the number of rotations • which 
the disc has performed in a given time, we have only 
to multiply this number by the number of holes on 
the disc in order to ascertain how many tube-dis- 
charges have occurred, and therefore how many 
corresponding aerial vibrations have been performed, 
in the period in question. The Syren is provided 
with a counting-apparatus which registers the num- 
ber of times its disc rotates per second. 

In order, therefore, to obtain the number of vibra- 
tions in a second which correspond to an assigned 
note, we have only to proceed as follows. Let the 
note be steadily sounded by some instrument of 
sustained power, e.g. organ or harmonium, and then 
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cause the Syren sound to moimt the scale until its 
pitch coincides with that of the note under examina- 
tion. At the instant of coincidence read the figure 
indicated by the counting-apparatus. This, multi- 
plied by the niunber of holes in the disc, gives the 
number of vibrations per second required. It will 
be convenient, for the sake of shortness, to call the 
number of vibrations per second, to which any note 
is due, the mbration-nurnber of the note in question* 
It is clear, from what has gone before, that any 
assigned degree of pitch can be permanently re- 
gistered, when once its vibration-number has been 
ascertained. 

29. The Syren shows that, below a certain rate 
of vibration, no musical sounds are produced. The 
position of the absolute limit thus placed to the 
gravity of such sounds cannot be exactly defined, 
and probably varies somewhat for different ears. 
The lowest note on the largest modem organs has 
16i for its vibration-number, but it is a moot ques- 
tion whether the musical character of this note can 
be recognized or not. 

In any case we may regard the lower limit of 
musical sounds as situated in the immediate neigh- 
bourhood of this degree of pitch. For some distance 
above the limit the musical character continues very 
imperfect, and it is not until we reach 41 i vibrations 
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per second, the lowest note of the double-bass, that 
we get a satisfactory musical sound. There is no 
corresponding limit absolutely barring the scale of 
pitch in the opposite direction, but sounds above a 
certain degree of acuteness become painful to the ear, 
and therefore unfit for musical purposes. The highest 
note of the piccolo, the shrillest sound heard in the 
orchestra, makes 4752 vibrations per second. And 
this we may regard as constituting a practical 
superior limit to the scale of pitch at the disposal 
of musical art. The extremest range attaiaable by 
exceptional human voices, from the deepest note of a 
bass to the highest of a soprano, lies, roughly speak- 
ing, between 50 and 1500 vibrations per second. 
Ordinary chorus voices range from 100 to 900, or 
1000 vibrations per second. The number of sounds 
within the limits of the musical scale, which can be 
recognized as possessing distinct degrees of pitch, 
will vary with the acuteness of perception of in- 
dividual observers. Trained violinists are said to be 
able to distinguish about seven hundred sounds in a ' 
single octave, which would give nearly five thousand 
for the whole scale. But, since the difficulty of fix- 
ing the pitch with accuracy increases very rapidly 
with very low or very high sounds, this estimate 
would probably much exceed the limits of what 
could be achieved by the very finest ear. We shall. 
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however, be well within the mark if we assume that 
an ordinary ear can recognize, on the average, between 
one and two hundred sounds in an octave, or fiilly 
one thousand in the whole scale. There is nothing 
in the continuously shading-off gradations of pitch 
to indicate what sounds should be picked out to 
form agreeable sequences, or combinations, with each 
other. Nevertheless the human mind, working on 
this seeming chaos from the earhest dawn of musical 
art, has reduced it to order by discovering the follow- 
ing principle. 

30. When one sound has been arbitrarily selected 
as the starting-point, there are a certain number of 
other sounds, having fixed relations of pitch to that 
previously chosen, which are capable of forming, with 
it and with each other, melodic and harmonic effects 
especially pleasing to the ear. These are the notes 
of the ordinary major and minor scales, the original 
sound of reference being the common tonicy or Tcey- 
note, of those scales. In saying that these sounds 
have fixed mutual relations of pitch, we merely state 
formally an obvious fact. A familiar melody is 
recognized equally well whether heard in the deep 
tones of a man-s, or in the shrill notes of a child's 
voice. Whether the singer pitches it on a low or on 
a high note of his voice makes no difference in the 
melody itself In fitct the correctness with which an 
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air is sung no more depends on the exact pitch of 
the note on which the singer starts it, than does the 
faithfuhiess of a plan on the precise scale which the 
(kaughtsman has adopted. It is suflficient that the 
constituent notes of the melody should have fixed 
mutual relations of pitch, just as, in the plan, the 
several objects represented need only be drawn in 
proportion to their actual dimensions. 

The difference in pitch of any two notes is called 
the interval between them : it is on accuracy of 
intervals that music essentially depends. . 

31. The most important interval in the scale is 
the octave. It is that which separates the highest 
note of a peal of eight bells from the lowest. When 
a bass and a treble voice sing thfe same melody 
together, the notes of the latter are usually one 
octave above those of the former. The octave has 
this peculiarity, shaxed by no other interval, that, if 
starting from any note we choose, we ascend to that 
an octave above it, then to that an octave above the 
last, and so on, we get a number of notes which 
sound perfectly smooth and agreeable when heard all 
together. The same thing holds good, if we descend 
by a succession of octaves from the note fixed on 
as our starting-point. Hence we may conveniently 
regard the whole scale of pitch as divided into a 
series of octaves, taken upwards and downwards from 
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some one sound arbitrarily selected. Narrower in- 
tervals situated in any one octave are repeated in all 
the other octaves, so that, when we have settled 
those intervals for a single octave^ we have settled 
them for all the rest. Within the limits of each 
octave, the common major scale presents us with 
sefoen notes, or, if we include that which forms the 
starting point of the next octave, with eight The 
fact that the eighth note is the octave of the first 
explains the meaning of the' word * octave,' i.e. 
* eighth' {Latin: ^octavus^). 

The eight notes are those of an ordinary peal of 
the same number of bells, or of the white keys of the 
pianoforte between two adjacent C's. We may, for 

convenience of reference, number them 1, 2, 3 8, 

beginning with the lowest note, or tonic. The fol- 
lowing nomenclature is used to describe the intervals 
formed by the several notes mth the tonic. 



Notes forming interval. 


Name of interval. 


1 and 2 


Second 


1 3 


Major Third 


1 4 


Fourth 


1 5 


Fifth 


1 6 


Major Sixth 


1 7 


Major Seventh 


^ ' 


Eighth or Octave. 

1 
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When two notes of the same pitch are sounded to- 
gether, e. g. by two instruments, or by two voices, the 
notes are said to be in unison. Though there is here 
no difference of pitch whatever, it is convenient to 
rank the imison as an interval. With this explana- 
tion we may add to the above table that 1 and 1 
form the interval of an unison. The reader must 
carefully avoid giving to the * Thirds,' * Fourths,' 
&c., which he meets with in music the meanings 
attached to the same words in fractional arithmetic, 
with which they have absolutely nothing to do. A 
* Fifth,' for example, does not stand for a Jifth part 
of an octave, or indeed for a ffth part of anything, 
but for the difference of pitch between the first and 
fifth notes of the scale. 

The several pairs of notes forming the intervals 
laid down in our table do not all produce smooth 
and agreeable effects when sounded together. The 
following pairs blend pleasantly : 

1—3, 1—4, 1—5, 1—6, 1—8 ; 
the remaining two, 

1—2 and 1—7, 
give rise to decidedly harsh effects. The intervals 
in the first line are therefore classed as concords, 
those in the second as discords. 

32. The minor scale has the notes 1, 2, 4, 5, 8 
in common with the major scale. It substitutes for 3 
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a sound lying between that note and 2, which forms 
with 1 a consonant interval called the Minor Third. 
According to circumstances it may either retain 6, or 
replace it by a sound lying between that note and 5, 
which makes with 1 a concord called the Minor 
Sixth. Similarly it may employ 7, or, in the room 
of that note, a fresh sound situated below it, but 
above 6, which with 1 forms a discord called the 
Minor Seventh. 

Thus, including the octave, the two scales together 
give us a series of eleven notes, which, severally com- 
bined with the tonic, form ten distinct intervals. 
They are expressed in musical notation as follows : — 



SeooncL 



Minor Third. Major Third. 



Fourth. 



Fifth. 



p 



* 



^ 



^ 



ISL 



Uinor Slxtb. Major Sixth. Uinor Seventh. Uajor Seventh. Octave. 



i 



% 



I 



rr b rj 



W^ 



s©- 



zz: 



The reader should endeavour to familiarize him- 
self with these intervals, so that, when he hears the 
pair of notes which form any one of them successively 
sounded, he may at once be able to name the 

interval. 

33. The Syren enables us to obtain simple nu- 
merical measures of the intervals exhibited on this 



page. 
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Let a second circular row, containing sixteen 
holes, be punched in its disc, and the instrument set 
uniformly rotating. If we now blow alternately 
against the 8-hole row, and the 16-hole row, we shall 
find that the sound produced at the latter is pre- 
cisely one octave higher in pitch than the sound 
produced at the former. If we increase or diminish 
the velocity of rotation, both sounds will, of course, 
rise or fall proportionately, but the interval between 
them will remain unaflfected and equal as before, to 
an exact octave. The number of air-discharges cor- 
responding to the more acute sound is, in this case, 
evidently twice as large, in any given time, as the 
number, during the same time, for the graver sound. 
Accordingly we have the following result. 

When two sounds differ hy a single octave, the 
higher sound indkes exactly twice as many vibrations 
in any assigned time as the loiver. 

Next let a row of 12 holes be punched in the 
disc of the Syren. Taking this row with the 8-hole 
row, and proceeding as in the last instance, we find 
that the more acute sound forms a Fifth with the 
graver one. The numbers of discharges in any given 
time are here as 12 to 8, i.e. as 3 to 2. The result 
therefore is as follows ; when two sounds differ by a 
Fifth, the higher sound makes exactly three vibrations 
during the time in which the lower sound makes two. 
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If we take the 16-hole and 12-hole rows together, 
the interval amounts to a Fourth; accordingly, 
when two sounds differ by a Fowth, the highei^ sound 
nuzkes eaxzctlyfour vibrations during the time in which 
the lower sound makes three. 

34. The results just obtained may be somewhat 
more concisely stated. During one second of time, 
the upper of two soimds differing by an octave makes 
a number of vibrations, which is to the number made 
by the lower sound as 2 to 1. For a Fifth the ratio 
is as 3 to 2. For a Fourth it is as 4 to 3. Remem- 
bering, then, the definition of the vibration-number 
of an assigned sound [§ 28], we may express our 
three results as follows : — 

When two soimds form with each other the 
intervals of an octave, a Fifth or a Fourth, their 
vibration-numbers are to each other, in the first case 
as 2 to 1, in the second as 3 to 2, in the third as 
4 to 3. 

A ratio is most easily expressed by a fraction. 
Thus we may regard the fraction f as denoting the 
interval of a Fifth. It may be taken as an abbre- 
viated statement of the fact that, when two sounds 
form a Fifth with each other, the more acute makes 
3 vibrations while the graver makes 2. 

35, By suitable experiments, similar numerical 
relations to those already established may be ob- 
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YIBRATION-FRA CTIONS. 



[II. § 35. 



tained for all the intervals already considered. A 
fraction can thus be determined for each interval, 
in the manner exemplified in the ,case of the Fifth. 
We will call this fraction the vibration-fraction of the 
interval in question. The accompanying table gives, 
in the second column, the vibration-fractions corre- 
sponding to the intervals named in the first ; and in 
the third, describes the consonant or dissonant cha- 
racter of the intervals. 



Name of interval. 


Vibration-fraction. 


Character of interval. 


Unison 


i 


concord 


Second 


t 


discord 


Minor Third 


ft 


concord 


Major Third 


1 


concord 


Fourth 


: i- 


concord 


Fifth 


•1 


concord 


Minor Sixth 


8 


concord 


Major Sixth 


i 


concord 


Minor Seventh 


15 


discord 


Major Seventh 


16 
8 


discord 


Octave 


f 


concord 



It is noticeable that the dissonant intervals in- 
volve higher numbers in their vibration-fractions 
than the consonant intervals do ; the latter, with the 
solitary exception of the Minor Sixth, having nothing 
beyond 6, while the former bring in 9, 15 and 16. 
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36. By the help of the last table, we can calcu- 
late the vibration-numbers of aU the notes within a 
single octave which belong to the major or minor 
keys as soon as the mbration-number of the tonic is 
given. For instance, let middle C of the pianoforte 
(vib.-no. 264) be the tonic. From the second line 
of the table, we see that the vibration-number of 

D must be to 264 in the ratio of 9 to 8. It must 

9 
therefore be equal to - x 264, or 297. ForEb, by 

exactly similar reasoning, we obtain - x264or316f; 

for E, ? X 264, or 330. 
4 

The student should work out the remaining cases 
for himself. 

The complete results for the major scale are as 
follow : — ' 



p 



in: 



JBL 



297 880 868 886 440 485 628 

In order to extend the scale another octave up- 
wards, we have only to multiply each vibration-nimi- 
ber by 2. A second multiplication by 2 will raise it 
by another octave, and so on. Conversely, in order 
to pass to the octave below, we divide each vibration- 
number by 2. To descend a second octave we repeat 
the operation, and so on. 
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Thus the pitch of the tonic absolutely fixes the 
pitch of every note, in the scale of which it is the 
starting-point. 

Before we proceed to investigate the mechanical 
equivalent of the third element [§ 24] of a musical 
sound, its quality, it will be convenient briefly to 
examine a subject possessing an important bearing 
on that enquiry. This we shall do in the next 
chapter. 



CHAPTER III. 



ON RESONANCE. 



37. When, a sounding body causes another body- 
to emit sound, we have an instance of a very remark- 
able phenomenon called resonance. The German term 
for it, * CO- vibration' {Mitschmngung), possesses the 
merit of at once indicating its essential meaning, 
namely, the setting up of vibrations in an instrument, 
not by a blow or other immediate action upon it, but 
indirectly as the result of the vibrations of another 
instrument. In order to produce the effect, we have 
only to press down very gently one of the keys of a 
pianoforte, so as to raise the damper, without making 
any sound, and then sing loudly, into the instrument, 
the corresponding note. When the voice ceases, the 
instrument will continue to sustain the note, which 
will then gradually fade away. If the key is allowed 
to rise again before the sound is extinct, it will 
abruptly cease, A similar experiment may be tried, 
as follows, on any horizontal pianoforte which allows 
the wires to be uncovered. Each note is, it i& well 
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known, produced by two, or by three, wires. 
Having, as in the previous case, raised one of the 
dampers without striking the note, twitch one of the 
corresponding wires sharply with the finger-nail, and 
then wait a few seconds. The vibrations will, in this 
interval, have communicated themselves to the other 
string, or strings, belonging to the note pressed down : 
if, now, the first wire be stopped by applying the tip 
of the finger to the point where it was at first 
twitched, the same note, produced by these trans- 
mitted vibrations, will continue to be sustained by 
the remaining wire or wires. 

A more instructive method of studying resonance 
is to take two unison tuning-forks, strike one of 
them, and hold it near the other, but without touch- 
ing it. The second fork will then commence sound- 
ing by resonance, and will continue to produce its 
note though the first fork be brought to sUence. It 
is essential to the success of this experiment that the 
two forks should be rigorously in unison. If the 
pitch of one of them be lowered by causing a small 
pellet of wax to adhere to the end of one of its prongs, 
the effect of resonance will no longer be produced, 
even though the alteration of pitch be too small to be 
recognized by the ear. Further, the phenomenon re- 
quires a certain appreciable length of time to develope 
itself; for, if the sUent fork be only mortientarily ex- 
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pQsed to the influence of its vocal fellow, no result 
ensues. The resonance, when produced, is at first 
extremely feeble, and gradually increases in intensity 
under the continued action of the originally-excited 
fork. Some seconds must elapse before the maximum- 
resonance is attained. The conditions of our experi- 
ment show, directly, that the resonance of the second 
fork was due to the transmission, hy the air, of the 
vibrations of the first, the successive air-impulses fall- 
ing in such a manner on the fork as to produce a 
cumulative effect. If we bear in mind the dispropor- 
tionate mass of the body set in motion compared to 
that of the air acting upon it, — steel being more than 
six thousand times as heavy as atmospheric air, for 
equal bulks,— we cannot fail to regard this as a very 
surprising fact. 

Let us examine the mechanical causes to which it 
is due. Suppose a heavy weight to be suspended 
from a fixed support by a flexible , string, so as to 
form a pendulum of the simplest kind. In order to 
cause it to perform oscillations of considerable extent 
by the application of a number of small impulses, we 
proceed as follows. As soon as, by the first impulse, 
the weight has been set vibrating through a small 
distance, we take care that every succeeding impulse 
is impressed in the direction in which the weight is 
moving at the time. Each impulse, thus applied, will 
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cause the pendulum to oscillate tlirbugh a larger 
angle than before, and, the effects of many impulses 
being in this way added together, an extensive swing 
of the pendulum is the result. 

When the distance through which the weight 
travels to and fro, though in itself considerable, is 
small compared to the length of the supporting string, 
tJie time of oscillation is the same for any extent of 
swing within this limit, and depends only on the 
length of the string. My readers will find this im- 
portant principle illustrated in any Manual of Elemen- 
tary Mechanics, and I must ask them to take it for 
granted here. For the sake of simplicity, let us sup- 
pose that we are dealing with a second^s pendulum, 
i. e. one of such a length as to perform one complete 
oscillation in each second, and therefore to make, a 
single forward or backward swing in each half second, 
It will be clear, from what has been said above, that 
<iie most rapid effect will be produced on the motion 
of the pendulum, by applying a forward and a back- 
ward impulse respectively during each alternate half 
second, or, which is the same thing, administering a 
pair of to and fro impulses during each complete 
oscillation of the pendulum. We have a simple in- 
stance of such a proceeding in the way in which a 
couple of boys set a heavily laden swing in violent 
motion. They stand facing each other, and each boy, 
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when the swing is moving away from him, helps it 
along with a vigorous push. 

38. The above considerations enable us to ex- 
plain how a sounding-fork excites the vibrations of 
another fork in unison with itself, through the me- 
dium of the intervening air. When a continuouiS 
musical note is being sounded, we know that, at any 
one point we choose to fix upon, the air is undergoing 
a series of rapid changes, becoming alternately denser, 
and less dense; than it would be were the sound to 
cease. The increase of density is accompanied by an 
increase of pressure ; its diminution by a diminution 
of pressure [§ 20]. 




€ e tl 




Let A, Fig. 21, bie the sounding-fork, B that 
whose vibrations are to be excited by resonance, and 
let us consider the effect of the alternations of pres- 
sure on the air at c on the prong he. The increase of 
pressure will tend to move the prong into the posi- 
tion bd, its subsequent diminution will facilitate the 
elastic recoil of the fork, supported also by the su- 
perior density of the air on the other side of the 
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prong, and thus tend to bring the prong into the po- 
sition hCy further to the left of its original position, 
&c, than hd was to the right of it. Thus the alter- 
nate condensations and rarefactions of the Sound- 
waves impress on the fork B corresponding impulses 
in opposite directions. One pair of such impulses is 
applied regularly during each complete vibration of 
jB, since they are due to the vibrations of ^, which is 
in unison with B. Further, for the small extent of 
vibration with which we have here to deal, the prongs 
of a tuning-fork move exactly according to the same 
law as a pendulum^. Accordingly, these air-impulses 
are applied under precisely the conditions which we 
found to be most favourable to the rapid develop- 
ment of vibratory motion. The large number of such 
impulses which succeed each other in a few seconds, 
make up for the feebleness of each by itself. It is in 
accordance with this, that resonance is produced 
more slowly between unison-forks of low, than be- 
tween those of high, pitch. I find that, with two 
making 256 vibrations per second, about one second 
is requisite to bring out an audible resonance ; while 
with another pair, making 1920 vibrations per second, 
I am not able to damp the first fork sufficiently soon 
after striking it, to prevent the other fi:om making 
itself heard. 

* This will be proved in § 70. = 
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39. A column of air is easily set in resonant 
vibration by a note of suitable pitch. The roughest 
experiment suffices to establish this fact. We have 
only to roll up a piece of paper, so as to make a 
little cylinder six inches long and an inch or two in 
diameter, with both ends open, and to hold a com- 



mon C tuning-fork 




^ 



close to one of the 



apertures, after striking it briskly. As soon as the 
fork reaches the position (1) Fig. 22, its tone will un- 
inistakeably swell out. In order to estimate the in- 
crease of intensity produced, it is a good plan to 
move the fork rapidly to and fro, a few times, be- 
tween the positions (1) and (2). 



Pi>.22 





In the first case we have the full effect of resonance, 
in the second only the unassisted tone of the fork, 
and the contrast is very marked. We may shorten 
or lengthen our cylinder, within certain limits, and 
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still obtain the phenomena of resonance, but the 
greatest reinforcement of tone we can attain with the 
fork selected will be produced by an air-column about 
six inches long. 

If we close one end of the paper cylinder, by 
placing it, for instance, on a table, and repeat our ex- 
periment at the open end, only a very weak resonance 
is produced; but we obtain a powerful resonance 

by operating with a fork \ &\ ^^^^^ =^ 1 making half 

as many vibrations per second as that before em- 
ployed. In this case, then, a column of air contained 
in a cylinder, of which one end was closed, resounded 
powerfully to a note one octave below that which 
elicited its most vigorous resonance when contained 
in a cylinder open at both ends. 

By operating in this fashion, with forks of dif- 
ferent pitch, on air-columns of different lengths, we 
arrive at the following laws, which are universally 
true:— 

1. For every single musical note there is a cor- 
responding air-column of definite length which re- 
sounds the most powerfully to that note. 

2. The maximum resonance of air in a closed 
pipe is produced by a note one octave below that to 
which an open pipe of the same length resounds the 
most powerfully. 
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40. In order to ascertain the precise relation 
between the pitch of a note and the length of the 
corresponding air-coliunn, we will examine the way 
in which resonance is produced in a column of air 
contained in a pipe closed at one end. 

Let -4, Fig. 23, be the open, and B the closed, 
ends of the pipe, and let us, for a moment, replace 
the contained air by an elastic spiral spring fastened 
at jB, and of length equal to AB, 



wcmi/^muumoffrmuw 



Suppose the end of the spring suddenly pushed 
a little way from A towards B. The coils of the 
spring nearest A will be squeezed together, and this 
condensed state of the spring will travel along it 
until it reaches B. The end of the pipe will there 
cause the condensation to rebound, and travel back 
again to A. If let alone, the end of the spring 
would now protrude slightly beyond the open end 
of the tube, the coils near A would be drawn some- 
what apart and a rarefaction would in consequence 
pass along AB and after reflexion at B return to A, 
where it would meet the end of the spring just 
contracting to its original length. The elasticity of 
the spring would, thus, cause it to lengthen and 
shorten as a whole, in consequence of the single push 
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originally given it, and this motion would for .a time 
continue, its successive periods being four times the 
space of time occupied by a pulse of condensation 
or rarefaction in traversing the length of the tube. 
The free end of the wire may, however, be pulled 
and pushed, alternately, so as to reinforce each pulse 
as it arrives at the open end of the tube, and 
in this manlier the maximum of motion will be com- 
municated to the spring. In this case, one outward, 
and one inward, impulse of the hand must be com- 
mxmicated to the free end of the string, during the 
time which elapses while a pulse traverses four 
times the length of the tube. Reverting to the 
actual conditions of our problem, we have the reso- 
nance of the air-column, in place of the alternate 
lengthening and shortening of the spring. For the 
to and fro motion of the hand at -4, we must substi- 
tute that of the prong of the vibrating fork. The 
sound-pulse traverses four times the length of the 
tube while the fork is performing one complete 
vibration. We know, however [§§ 8 and 15], that, 
during this latter period, the soimd-pulse due to the 
fork's action traverses precisely one wave-length 
corresponding to the pitch of the note produced by 
the fork. Hence, for maximum resonance in the 
case of a closed pipe, the wave-length corresponding 
to the note sounded must be four times as great 
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as the length of the air-column, or the length of 
the column one quarter of the wave-length. 

41. These principles give us the explanation of 
a useful appliance for intensifying the sound of a 
tuning-fork. Such a fork, when held in the hand 
after being struck, communicates but little of its 
vibration to the surrounding air; when, however, its 
handle is screwed into one side of an empty wooden 
box of suitable dimensions, in the way shown in Fig. 
24, the tone becomes much louder. The vibrations of 
the fork pass from its handle to the wood of the box, 
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aid thence to the .air-column within, which is of 
appropriate length for maximum resonance to the 
fork's note. This convenient adjunct to a tuning- 
fork goes by the name of a ^resonance-box.' 

42. When a number of musical sounds are 
going on at once, it is generally difficult, and often 
impossible, for the unaided ear to decide whether 
an individual note is, or is not, present in the whole 
mass of sound heard. If, however, we had an 
instrument which intensified the tone of the note of 
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wMch we were in searcli, without similarly rein- 
forcing others which there was any risk of our 
mistaking for it, our power of recogniziDg the note 
in question would be proportionately increased. 
Such an instrument has been invented by Helmholtz. 
It consists of a hollow ball of brass with two aper- 
tures at opposite ends of a diameter, as shown in 
Fig. 25. 




The larger aperture allows the vibrations of the 
external air to be communicated to that within 
the ball; the smaller aperture passes through a 
nipple of convenient form for insertion in the ear of 
the observer. The air contained in the ball resounds 
very powerfully to one single note of definite pitch, 
whence the instrument has been named, by ita in- 
ventor, a resonator. The best way of using it is, 
first, to stop one ear closely, and then to insert the 
nipple of the instrument in the other; as often as the 
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resonator's own note is sounded in the external air, 
the instrument will sing it into the ear of the ob- 
server with extraordinary emphasis, and thus at once 
single out that note from among a crowd of others 
differing from it in pitch. A series of such resona- 
tors, timed to particular previously selected notes, 
constitutes an apparatus for analyzing a composite 
sound into the simple tones of which it is made up. 
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CHAPTER IV. 



ON QUALITY. 



43. The laws of resonance enable us to establish 
a remarkable, and by most persons utterly un- 
suspected, fact, viz. that the notes of nearly every 
regular musical instrument with which we are 
familiar, are not, as they are ordinarily taken to be, 
single tones of one determinate pitch, but composite 
soimds containing an assemblage of such tones. 
These are always members of a regular series, form- 
ing fixed intervals with each other, which may be 
thus stated : if we number the separate single 
tones, of which any given sound is made up, 1, 2, 
3, &c., beginning with the lowest, and ascending in 
pitch, we have 

(1) The deepest, or fimdamental, tone, which is 
commonly treated as determining the pitch 
of the whole soimd. 

(2) A tone one octave above (l). 

(3) A tone a Fifth above (2), i e. a Twelfth 
above (1). 
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(4) A tone a Fourth above (3), i. e. two octaves 
above (1). 

(5) A tone a Major Third above (4), i.e. two 
octaves and a Major Third above (1). 

(6) A tone a Minor Third above (5), Le. two 
octaves and a Fifth above (1), 

These are the most important members of the 
series. Their vibration-nimibers are connected by a 
simple law, which is easily deduced from the above 
relations. If the fundamental tone makes 100 
vibrations per second, (2) will make twice as many 
i.e. 200 ; (3) being a Fifth above (2), will have for 

3 

its vibration-number, - x 200, or 300. For (4), 

which is a Fourth above (3), we get similarly 
\ X 300, or 400 ; for (5) ~ x 400, or 500 ; for (6), 

- X 500, or 600. Thus the nimibers come out 100, 
o 

200, 300 and so on, or, generally, whatever be-^the 
vibration-number of (1), those of (2), (3), (4), &c., 
are respectively twice^ three times, four times, &c. 
as great. Subjoined, in musical notation, is the 
series of tones complete up to the tenth, taking C 
in the bass clef as our fimdamental tone, though 
any other would do equally well. 

6—2 
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bfl* •«--?■ = 



^L.=j^^ ^=^ 



12 8456789 10 

The asterisk denotes that the pitch of the 7 th 
tone is not precisely that of the note by which it 
is here represented. It is in fact slightly less 
acute. 

• The reader must not suppose, that, because the 
tones into which a note of a musical instrument may 
usually be decomposed are members of a fixed series, 
all those which we have written down are neces- 
sarily present in every such note. All that is meant 
to be asserted is, that those which are present, be 
they few or many, must occupy positions determined 
by the law connecting each tone with its funda- 
mental. The sound may contain, say, (1), (3), and 
(5) only, or (1), (4) and (8) only, and so on, the 

rest being entirely absent, but in no case can a tone 
intermediate in pitch between any two consecutive 
members of the series make its appearance. 

44. Experim^ital evidence shall now be pro- 
duced in support of the extremely important pro- 
position just enimciated. 

We will begin with the sounds of the pianoforte. 

Let the note 5^ be first silently pressed down. 
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and then ^ /? ^ be vigorously struck, and, after 

three or four seconds, allowed to rise again. The 
lower note is at once extinguished, but, we now 
hear its octave sounding with considerable force 

from the wires of ^ . If we permit the damper 

to fall back on these, by releasing the note hitherto 
held down, the whole sound is immediately cut off. 
Next, retaining the same fundamental note, 

P1^£E , let ^==^ be quietly freed from its damper, 

and the experiment repeated as before. . We shall 
then hear this note soimding on after the extinction 

of '^* « - . Similar results may be obtained with 

the three next tones, ^- °~^Z^ , but they drop 

off very rapidly in intensity. The tones above 

^ are so weak as to be practically insensible. 

The series of tones produced in this succession of 
trials can only be due to resonance. But, as has 
been already shown, the vibrations of any instrument 
are excited, by resonance, only when vibrations of the 
same period are already present in the surrounding 
air. Accordingly, the only sound directly originated 
in each variation of our experiment, viz. that of the 

note ?y^~^~" , must have contained all the tones suc^ 
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cessively heard. The reader should apply the method 
of proof here adopted to notes in various regions of 
the key-board. He will find considerable differences, 
even between consecutive notes, in the number and 
relative intensities of the separate tones into which he 
is thus able to resolve them. The higher the pitch of 
the fundamental tone, the fewer will the recognizable 
associated tones become, until, in the region above 



i 



, the notes are themselves approximately 



single tones. The causes of these differences will be 
explained, in detail, in a subsequent chapter ; it is 
sufficient here to indicate their existence. The result 
arrived at, thus far, is that the soimds of the piano- 
forte are, in general, composite, the number of consti- 
tuent tones into which they are resolvable being 
largest in the lower half of the instrument, and dimi- 
nishing in its upper half, until, at last, no analysis is 
called for. 

45. The above resolution has been effected by 
means of the principle of resonance. It can, however, 
be performed by the ear directly, though only to a 
small extent, and with less ease. In endeavouring 
to hear a particular constituent tone among the as- 
semblage forming a compound sound, the best plan 
is, f rst to let the upper tone be heard by itself a few 
times so as to prepare the ear for the precise degree 
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of pitch it is to expect, and then to develope the 
compound sound. If, meanwhile, the observer has 
succeeded in keeping his attention imswervingly fixed 
on the tone for which he is listening, he will hear it 
come out clearly from the mass of tones included in the 

composite soimd. K the pianoforte note, ^ ^j , be 
thus examined, the octave, fl) , and Twelfth, 

^—5— , can generally be recognised with consider- 
able ease ; the second octave, ■ ^) " , with a little 

trouble; the next three tones of the series on p. 84, 
with increasing difl&culty, and those which succeed 
them not at all. The reader approaching this pheno- 
menon for the first time must not be disappointed if, 
in trying this experiment, he fail to hear the tones 
he is told to expect. He should vary its conditions 
by changing the note struck, in such a way that his 
attention will not be liable to be diverted by the 
presence of distinct tones more acute than. that of 

which he is in search. Thus a note near ^lp| may 

be advantageously chosen to observe the first octave. 



i 



) " ; one near ^~^r" to observe the Twelfth, 
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one near '^' to observe the second 
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octave, ♦?• — . He may however altogether fail in 

performing the analysis with the unassisted ear. 
This by no means indicates any aural defect, as he 
may at first be inclined to imagine. It rather shows 
that the life-long habit of regarding the notes of in- 
dividual soimd-producing instruments as single tones 
cannot be unlearned all at once. The case is analo- 
gous to that of single vision with two eyes, where two 
distinct and different images are so blended together 
as to appear, to all ordinary observation, as one. The 
acoustical observer who is thus situated, must rely on 
the analysis by resonance, and on the evidence of those 
who are able to perform the direct analysis. As he 
pursues the subject further experimentally, his analyti- 
cal faculty will no doubt in time adequately develope 
itself 

46. The composite character of musical sounds, 
which we have recognized in the case of the piano- 
forte, and shall have ample opportunity of verifying 
more generally in the sequel, requires the introduc- 
tion, here, of certaia verbal definitions and limitations. 
The phraseology hitherto employed, both in the science 
of acoustics and in the theory of music, goes on 
the supposition that the soimds of individual instru- 
ments are single tones, and therefore, of course, con- 
tains no term specially denoting compound sounds 
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and their constituents. * Sound/ ' note/ and * tone * 
axe used as nearly synonymous. It will be conve- 
nient to restrict the meaning of the latter so that it 
shall denote a sound which does not admit of resolu- 
tion into simple elements. A single sound of deter- 
minate pitch we shaU, accordingly, in what follows, 
call a tone^ or simple tone. For a compound sound 
the word clang will be a serviceable term. The series 
of elementary sounds into which a clang can be re- 
solved we shall call its partial-tones ^ sometimes dis- 
tinguishing, among these, the lowest, or fundamental 
tone^ from the others, or overtones of the clang. This 
nomenclature is a direct adaptation of the German 
terms employed by Helmholtz. Its introduction is * 
due to Professor Tyndall. 

47. This long discussion has paved the way for 
the complete explanation of musical quality which is 
contained in the following proposition. The quality 
of a clang depends on the number^ orders j and rela- 
tive intensities^ of the partial-tones into which it can 
he resolved. We have here three different causes to 
which variations in the quality of composite sounds 
are assigned. 

1. A clang may contain only two or three, or it 
may contain half-a-dozen, or even as many as fifteen 
or twenty, well-developed partial-tones. 

2. The number of partial-tones present remain- 
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ing the same, the quality will vary according to the 
positions they occupy in the fixed series on p. 84, i.e. 
on their orders. Thus, a clang containing three tones 
may consist of (1), (2), (3), or of (1), (3), (5), or of (1), 
(7), (10), and so on, the quality varying in each in- 
stance. 

3. The number and orders of the partial-tones 
present remaining the same, the quality will vary 
according to the relative degrees of loudness with 
which those tones speak. Thus, in the simplest case 
of a clang consisting of (l) and (2), (2) may be twice 
as loud, or as loud, or half as loud, as (1), and 
so on. 

It is clear that these three classes of variations 
are entirely independent of each other, that is to say, 
any two clangs may differ in the number, orders, and 
relative intensities, of their constituent partial-tones. 
The variety of quality thus provided for is almost in- 
definitely great. In order to form some idea of its 
extent, let us see how many clangs of different qua- 
lity, but of the same pitch, can be formed with the 
first six partial-tones, by variations of number and 
order only. We will indicate each group of tones by 
the corresponding figures inclosed in a bracket ; thus 
e. g. (1, 3, 5) represents a clang consisting of the first, 
third and fifth tones. 

AU the possible groups, each necessarily contain- 
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ing the same Aindamental tone, are given in the fol- 
lowing enumeration. 

Two at a time : 

(1, 2), (1, 3), (1, 4), (1, 5), (1, 6). 
Totals. 

Three at a time : 

(1, 2, 3), (1, 2, 4), (1, 2, 5), (1, 2, 6), (1, 3, 4), 
(1, 3, 5), (1, 3, 6), (1, 4, 5), (1, 4, 6). (1, 5, 6). 

Total 10. 

Four at a time : 

(1, 2, 3, 4), (1, 2, 3, 5), (1, 2, 3, 6), 
(1, 2, 4, 5), (1, 2, 4, 6), (1, 2, 5, 6), 
(1, 3, 4, 5), (1, 3, 4, 6), (1, 3, 5, 6), (1, 4, 5, 6). 

Total 10. 

Five at a time I 

(1, 2, 3, 4, 5), (1, 2, 3, 4, 6), (l, 2, 3, 5, 6), 

(1, 2, 4,5, 6), (1, 3, 4, 5, 6). 
Total 5. 

Sis at a time : (1, 2, 3, 4, 5, 6). 
Total 1. 

The whole number of groups is 31, or, if we allow 
the fundamental tone (l) to count by itself as a 
sound of separate quality, 32, Let us next ex- 
amine how many clangs of different quality can be 
obtained from a single combination of three fixed 
partial-tones by variations of intensity only, sup- 
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posing that each tone is capable of but two degrees 
of loudness. Representing one of these by f, and 
the other by p, we indicate, e.g.y by {f, p^ p) a clang 
in which the fundamental tone is sounded forte, and 
the two overtones piano. The different cases which 
present themselves are the following : 

(///)> (/i>,/), (i>,//), {p.p.n ifj>p)> 
{f^p>p)> (p>f>p)> (p.p^p) 

or seven in all, since (p, p, p) has the same quality 
as ifyf,/)' The number of cases increases very 
rapidly as we take more partial-tones together. 
Thus a clang of four tones will produce 1 5 sounds of 
different quality; one of five tones 31 ; one of six 
tones 63, by variations of intensity only. Alto- 
gether we could form, with six partial-tones, each 
susceptible of only two different degrees of intensity, 
upwards of four hundred clangs of distinct quality, 
all having the same fundamental tone. The suppo- 
sition above made utterly understates, however, the 
varieties of quality dependent only on changes of 
relative intensity. A very slight increase, or diminu- 
tion, of loudness, on the part of a single constituent 
tone, is enough to produce a sensible change of 
quality in the clang. We should be still far below 
the mark if we allowed each partial tone four 
different degrees of intensity, though even this sup- 
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position would bring us more than eight thousand 
separate cases. Since many more variations of inten- 
sity are practically efficacious, and also since the num- 
ber of disposable partial-tones need by no means be 
limited, as has here been done, to the first six, the 
above calculation will probably suffice to convince 
the reader that the varieties of quality which the 
theory we are engaged upon is capable of accounting 
for, are almost indefinitely numerous. This is, in 
fact, no more than we have a right to expect from the 
theory, when we reflect on the fine shades of quality 
which the ear is able to distinguish. No two instru- 
ments of the same class are exactly alike in this 
respect. For instance, grand pianofortes by Broad- 
wood and by Erard exhibit unmistakeable differences, 
which we describe as *Broadwood tone 'and * Erard 
tone.' Less marked, but still perfectly recognizable, 
differences exist between individual instruments of 
the same class and maker, and even between con- 
secutive notes of the same instrument. To these 
we have to add the variations in quality due to 
the manner in which the performer handles his 
instrument. Even on the pianoforte the kinds of 
tone elicited by a dull slamming touch, and by a 
lively elastic one, are clearly distinguishable. With 
other instruments the distinctions are much more 
marked. On the violin we perceive endless grada^ 
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tions of quality, from the rasping scrape of the 
beginner up to the smooth and superb tone of a 
Joachim (or, as I ought rather to say, the Joachim). 
A precisely similar remark applies to wind instru- 
ments; the differences, for example, between first- 
rate and inferior playing on the hautbois, bassoon, 
horn, or trumpet, being perfectly obvious to every 
musical ear. 

In the next chapter we will discuss the quality 
and essential mechanism of the principal musical in- 
struments, among which the pianoforte will receive 
an amount of attention proportionate to its popu- 
larity and general use. We begin with the elemen- 
tary tones of which all composite sounds are made 
up. 




CHAPTER V. 

ON THE ESSENTIAL MECHANISM OF THE PEINCIPAL MUSICAL 
INSTRUMENTS, CONSIDERED IN REFERENCE TO QUALITY. 

1, Sounds of tuning-farJcs. 

48. When a vibrating tuning-fork is held to 
the ear, we perceive, beside the proper note of the 
fork, a shrill, lingiQg, and usually rather discordant, 
sound. If however the fork is mounted on its 
resonance-box, as in Fig. 24, p. 79, the fundamental 
tone is so much strengthened that the other is 
by comparison faint, and the sound heard may be 
regarded as practically a simple tone. It is charac- 
terised by extreme mildness, without a trace of 
anything which could be called harsh or piercing. 
As compared with a pianoforte note of the same 
pitch, the fork-tone is wanting in richness and 
vivacity, and produces an impression of greater 
depth, so that one is at first inclined to think the 
pianoforte note corresponding to it must be an 
octave lower than is actually the case. It follows 
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immediately from tlie general theory of the nature 
of quality, that simple tones can differ only in pitch 
and intensity. Accordingly, we find that tuning- 
forks of the same pitch, mounted on resonance-boxes 
and set vibrating by a resined fiddle-bow, exhibit, 
however various their forms and sizes, differences of 
loudness only. When made to sound with equal 
intensity by suitable bowing, their tones are abso- 
lutely undistinguishable from each other. 

2. Sounds of vibrating strings. 

49. Soimding strings vibrate so rapidly that 
their movements cannot be followed directly by the 
eye. It will be well, therefore, that we should 
examine how the slower and more easily controllable 
vibrations of non-sounding strings are performed, 
before treating the proper subject of this section. 
Take a flexible caoutchouc tube, ten or fifteen feet 
long, and fasten its ends to two fixed objects, so 
that the tube is loosely stretched between them. 
The tube can be set in regular vibration by impress- 
ing a swaying movement upon it . with the fingers 
near one extremity, in suitable time. According to 
the rapidity of the motion thus communicated, the 
tube will take up different forms of vibration. The 
simplest of these is shown in Fig. 26. A and B 
being its fixed extremities, the tube vibrates as a 
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whole, between tlie two extreme positions AaB and 
AhB. 



Ttff.se 




The tube may also vibrate in the form shown in 
Fig. 27, where AabB and AcdB are its extreme 
positions. 





In this instance the middle point of the tube, 
C, remains at rest, the loops on either side of 
it moving independently, as though the tube were 
fastened at (7, as well as at ^ and B. For this 
reason the point C is called a nodey from the Latin 
nodus, a knot. 

Fig. 28 shows a form of vibration with two nodes, 

Tiff.a8. 




at C and D, dividing the distance AB into three 
equal parts. The portions of the tube -4(7, CD, DB 
vibrate independently of each other, forming what 
are called ventral segments. We may also obtain 
forms with three, four, five, &a, nodes, dividing the 
T. 7 
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tube into four, five, six, &c., equal ventral segments, 
respectively. The stiffiiess of very short portions of 
the tube alone imposes a limit on the subdividing 
process. Let us examine the mechanical causes to 
which these effects are due, 

50. K we unfasten one end of the tube, and, hold- 
ing it in the hand as in Pig. 29, raise a hump upon 
it, by moving the hand suddenly through a small 

_ j^Q 




distance, the hump will run along the tube until it 
reaches its fixed extremity B\ it will then be reflected 
and run back to A, where it wiU undergo a second 
reflection, and so on. At each reflection the hump 
will have it^ convexity reversed. Thus, if while tra- 
velling from A towards B its form was that of a. 
Fig. 30, on its return it will have the form h. After 






B 



B 



reflection at A, it will resimie its first form a, and so 
on. Now, instead of a sipgle jerk, let the hand hold- 
ing the firee end execute a series of pqual continuous. 
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vibrations. Each, complete vibrsLtion will cause Ot 
wave ah Fig. 31, consisting of crest &, and trough a^ 





to pass along the tube from A to jB, where reflection 
will turn crest into trough and trough into crest; 
so that the wave will return from B to A stem 
foremost. Next let the tube Jbe again fastened at 
both ends, as before, and the vibrations of the hand 
impressed at some intermediate point, as (7, Fig. 32. 

□ i ^-^ ~ — .■^— ^ 'scn 

Two sets of waves will now start from C in the 
directions of the arrows. They will be reflected at A 
and jB, and then their effects intermingled* We will 
suppose that the tube has been set in steady motion, 
and, the hand being removed, continues its vibrations 
without any external force acting on it^ Two sets of 
equal waves are now moving with equal velocities 
from A towards B and from B towards A, and we 
have to determine their joint effect in fixing the form, 
of vibration in which the tube swings, 

piuppose that a crest a^ Fig. 33, moving from A 
towards B, meets an equal trough 6, moving from B 
towards A, at the point c, The point jp is now. 
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solicited by a and 6 in opposite directions and with 
equal energy, and therefore remains at rest. The 
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two opposite pulses then proceed to cross each other, 
but, as a moves to the right and h to the left with 
equal speed, there is nothing to give either of them 
an influence upon the point c, where they first met, 
superior to that exercised in the contrary direction 
by the other. Thus c remains at rest under their 
joint influence, and a node is therefore formed at that, 
point. If a trough had been moving from A towards 
By and an equal crest from B towards -4, the eflfect 
would clearly have been the same. 

A node must therefore he fcnrmed at every point 
where tivo equal and opposite pulses, a crest and a 
trough, meet each other. 

51. The annexed figure represents two series of 
equal waves advancing in opposite directions with 
equal velocities. The moment chosen is that at 
which crest coincides with crest and trough with 
trougK The joint effect thus produced does not ap- 
pear in the figure, our object at present being merely 
to determine the number and positions of the result- 
ing nodes. For the sake of clearness, one set of waves 
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is represented slightly below the other, though, in 
fact, the two are strictly coincident. 



A» 




Let the waves abdf...z be moving from left to 

right, the waves zt^sn...a' from right to left. The 

crest Tdm meets the trough pnm at m. After these 

have crossed each other, the trough ghk and the crest 

r(fp will also meet at m, since hm and pm are equal 

distances. Similarly the crest efg and the trough 

tsW will meet at m. Accordingly the point m is a 

node, and, by exactly the same reasoning, so are a, c, 

Cy g, i, p, r, ty &c. The distances between pairs of 
consecutive nodes are all equal, each being a single 

pulse-length, i. e. half a wave-length, of either series. 

Two pulse-lengths, as gh and hm, give three nodes 
g, Jcy and m ; three pulse-lengths four nodes, and so on. 
There is thus always one node in excess of the num- 
ber of pulses. On the other hand, the fixed ends of 
the tube, which are the origins of the systems of re- 
flected waves, occupy two of these nodes. Deducting 
them we arrive at this result. 

Tlie number of nodes is one less than the numher 
of the pulse-lengths {or half wave-lengths), which 
together make up the length of the vibrating tube. 
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52, We will now ascertain how tlie portions of 
the tube between consecutive nodes move under the 

T<7. as. 




action of the two systems of waves passing along it. 
Let ABy Fig. 35, be the fixed ends, as before, and 
let us take five nodes at the points 1, 2, 3, 4, 5. 
In (1), the systems of waves coincide, accordingly 
each point of the tube is displaced through twice 
as great a distance as if it had been acted on by 
only one system. The tube thus takes the form 
indicated by the strong line in the figure. In (2), 
one set of waves has moved half a pulse-length to 
the right, and the other the same distance to the 
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left. The two systems axe now in complete oppo- 
sition at every point, and the tube is, therefore, 
momentarily in its undisturbed position. In (3), each 
system has moved through a pulse-length, and the 
combined effect is again produced on the tube, 
but in the opposite direction to that of (l). 
In (4), where the systems have moved through 
a pulse-length and a half, the tube passes again 
through its undisturbed position, and, in (5), regains 
the position it occupied in (1), the systems of waves, 
meanwhile, having each traversed two pulse-lengths, 
or one wave-lengths Thus the tube executes one 
complete vibration in the time occupied by a pulse 
in passing along a length of the tube equal to twice 
one of its own ventral segments. In other words, the 
tubers rate of vibration varies as the number of seg- 
ments into which it is divided. It moves most slowly 
in the form shown in Fig. 26 with but a single seg- 
ment ; twice as fast in that of Fig. 27, when divided 
into two segments ; three times as fast with three 
segments, and so on. It is easy to confirm this by 
direct experiment, the swaying movement of the 
hand on the tube needing to be twice as rapid for a 
form of vibration with two segments as for a form 
with one, and so on, 

53. . Instead of comparing the different rates at 
which the same tube vibrates, when divided into 
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different numbers of ventral segments, we may com- 
pare the rates of vibration of tubes of different 
lengths, divided into the same nimiber of segments. 
Let us take as an example the two tubes AB, 
CDy Fig. 36, each divided by three nodes into four 

^ 1 i i © 
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ventral segments. By what has been already shown, 
the time of vibration of either tube will be that 
which a pulse occupies in traversing two of its ven- 
tral segments. Therefore the time of vibration of 
AB will be to that of CD as -42 is to C2, L e. a^ one 
half of AB is to one half of (7Z>, or as AB is to CD. 
This reasoning is equally applicable to any other 
case. Accordingly we have the general result that, 
when tubes of different lengths are divided into the 
same number of ventral segments, their times of 
vibration are proportional to the lengths of the 
tubes, or, which comes to the same thing, their rates 
of vibration inversely proportional to their lengths. 
The reader should observe that it has been through- 
out this discussion assumed that the material, thick-- 

m 

nesSy and tension of the tube, or tubes, in question, 
were subject to no variation whatever. Any changes 
in these would correspondingly affect the rates of 
vibration produced. 
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54. We are now prepared to examine the motion 
of a sounding string. Its ends are fastened to fixed 
points of attachment and the string is excited at 
some intermediate point, by plucking it with the 
finger, as in the harp and guitar, by striking it with 
a soft hammer, as in the pianoforte, or by stroking it 
with a resined bow, as in the violin and other instru- 
ments of the same class. The impulses thus set up 
are reflected at the extremities of the string (in the 
violin at the bridge and at the finger of the per- 
former) and behave towards each other exactly as 
in the case of the vibrating tube considered above. 
The results thus obtained are therefore directly 
applicable to the case before us. The string may 
vibrate in a single segment as in Fig. 26. This is 
the form of slowest vibration with a string of given 
length, material and tension. Accordingly, when 
thus vibrating, the string produces the deepest note 
of which, all other conditions remaining the same, 
it is capable. The string may also vibrate in the 
forms shown in Figs. 27, 28, 35, or in forms with 
larger numbers of segments. The rapidity of 
vibration in any one of these forms is, as we have 
seen [§ 52], proportional to the number of seg- 
ments formed, so that, with two segments, it vi- 
brates twice^ with three, thrice^ with fouj-, four times y 
as fast as in the form with one segment. It follows 
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hence [§ 43] that the notes obtained by causing a 
string to vibrate successively in forms of vibration 
with 1, 2, 3, 4, 5 &c., segments are all partial-tones 
of one compoxmd sound, the lowest being of course 
its fdndamental-tone. 

The modes of eliciting the sounds of stringed 
instruments described on p. 105 are not capable of 
setting up any one of the above forms of vibration hy 
itself, but cause several of them to be executed to- 
gether. The result is that each form of vibration 
called into existence sings, as it were, its own note, 
without heeding what is being done by its fellows. 
Accordingly, a certain number of tones belonging to 
one family of partial- tones are simultaneously heard. 

What precise members of the general series of 
partial-tones [p. 84] are present, and with what 
relative intensities, in the sound of a string set 
vibrating by a blow, depends on the position of the 
point at which the blow is delivered, on the nature 
of the striking- object, and on the material of the 
string. It is clear that a node can never be formed 
at the point of percussion. Therefore no partial- 
tone requiring for its production a node in that 
place can exist in the resulting sound. If, for in- 
stance, we excite the string exactly at its middle 
point, the forms of vibration with an even nurriber of 
ventral segments, all of which have a node at the 
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centre of the string, are excluded, and only the odd 
partial-tones, i.e. the 1st, 3rd, 5th, and so on, are 
heard. In this manner we can always prevent the 
formation of any assigned partial-tone, by choosing a 
suitable point of percussion. On the other hand, a 
vibration-form is in the most favourable position for 
development when the middle point of one of its 
ventral segments coincides with the point of per- 
cussion. The more nearly it occupies this position 
the louder will be the corresponding partial-tone, 
while the more it recedes from this position towards 
that in which one of its nodes falls on the point 
of percussion, the weaker will the partial-tone be- 
come. 

The form and material of the hammer, or other 
object with which the string is struck, have also a 
great influence in modifying the quality of the sound 
produced. Sharpness of edge and hardness of sub- 
stance tend to develope high and powerful over- 
tones, a rounded form and soft elastic substance 
to strengthen the fundamental-tone. The material 
of the string itself produces its effect chiefly by 
limiting the number of partial-tones. The stiflBiess 
of the string resists division into very short seg- 
ments, and this implies, for every string, a fixed 
limit beyond which further submission becomes im- 
possible; and where, therefore, the series of over- 
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tones is cut short. Hence very tHn mobile strings 
are favourable, thick weighty strings unfavourable, 
to the production of a large number of partial- tones. 
55. Having examined what determines the quality 
of the sound of a vibrating string, we have next to 
enquire on what its pitch depends. This term is 
indeed, strictly speaking, inappropriate to a compo- 
site sound containing a series of different tones, each 
having its own vibration-number and definite posi- 
tion in the musical scale. If, however, we use the 
phrase 'pitch of a sound' as equivalent to * pitch of 
the fundamental tone of the sound,' we shall avoid 
any confusion arising from this circumstance. The 
pitch of a string-sound depends of course on the rate 
at which the string is vibrating. We have seen 
that, when the material thickness and tension of a 
string remain the same, its rate of vibration varies 
inversely as the length of the string. Accordingly, 
the vibration-number of a stnng-sound vanes inversely 
as the length of the string. It follows hence that the 
numerical relations between the vibration-numbers 
of sounds forming given intervals with each other, 
hold equally for the lengths of the strings by which 
such sounds are produced. To verify this by experi- 
ment we have only to stretch a wire between two 
fixed points A and B, and divide it into two seg- 
ments by applying the finger to it at some inter- 
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mediate point (7. li AC bears to CB any one of 
the simple numerical ratios exhibited in the table on 




-i B 



p. 66, we obtain the corresponding interval there 
given by alternately exciting the vibrations of the 
two segments at any pair of points m AC and CB 
respectively. Thus, if CB is twice as long as -4(7, 
the sound produced by the former will be one octave 
lower than that produced by the latter. If .4 C is to 
CB in the proportion of 2 to 3, AC'^ sound will be 
a Fifth above CB^s; and similarly in other cases. It 
was by experiments of this kind that the ancient 
Greek philosopher, Pythagoras, discovered the exist- 
ence of a connection between certain musical intervals 
and the ratios of certain small integers. He ascer- 
tained that an octave was produced by a wire divided 
into two parts in the proportion of 2 to 1 ; that a 
Fifth was obtained by division in the proportion of 
3 to 2, and so forth. The relations existing between 
these lengths and the vibration-numbers of the notes 
produced by them were entirely unknown to Pytha- 
goras and his contemporaries; indeed it was not 
tmtil the seventeenth century that they were dis- 
covered by Graiileo. 
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In instruments of the violin class, the pitch of 
the notes sounded varies with the position of the 
finger on the vibrating string. The length of string 
intercepted between the fixed bridge and the finger 
admits of being altered at pleasure, and thus every 
. shade of pitch can be produced from such instruments. 
The resined bow maintains the vibration of the string 
by alternately dragging it out of its position of rest, 
letting it fly back again, catching it once more, and 
so on. The hollow cavity of the instrument rein- 
forces the string-sound by resonance. The quality 
of instruments of the violin, class is vivacious and 
piercing. The first eight partial tones are well 
represented in their clang. 

The Pianoforte. 

56. In this instrument each wire is stretched 
between two pegs, which are fixed into a flat plate 
of wood called the sound-board. The string is fas- 
tened to one peg, and coiled round the other, which 
admits of being turned about its own axis by means 
of a key of suitable construction. In this manner 
the string can be accurately tuned, since by tighten- 
ing or loosening the wire, we raise or lower its pitch 
at pleasure. In small instruments twOy in larger 
ones threey wires in unison with each other usually 
correspond to each note of the kev-board. While 
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the instrument is not in action a series of small 
pieces of wood covered with list, called * dampers/ 
rest upon the wires. These are connected with the 
key-board in such a manner that, when a note is 
pressed down, the corresponding damper rises from 
its place, and the wires it previously covered remain 
free, until the note is allowed to spring up again. 
When the damper immediately sinks back into its 
original position. Each note is connected with an 
elastic hammer, which deals a blow to its own set of 
wires, and then springs back from them. The wires 
thus set in motion continue to vibrate imtil either 
the sound gradually dies away, or is abruptly extin- 
guished by the descent of the damper. The action, 
of the two pedals is as follows : the soft pedal shifts 
the key-board and associated hammers in such a way 
that each hammer only acts on one of the wires 
corresponding to it, instead of on its complete set of 
two or three wires. The sound produced by striking 
a note is therefore proportionally weakened. The 
loud pedal lifts all the dampers off the wires at once. 
It thus not only allows notes to continue sounding 
after the finger of the player has quitted them, but 
places other wires than those actually struck in a 
position to sound by resonance. The number of 
wires thus brought into play by striking ai single 
note of the instrument will be easily seen to be con-r 
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siderable. Suppose, first, that a simple-tone^ e.g. 
that of a tuning-fork, is sounding near the wires of 
a pianoforte with the loud pedal down^ its pitch being 

that of middle (7, a | ; the wires of the corre- 
sponding note will of course resonate with it, vibrat- 
ing in the simplest form with only one ventral seg- 
ment. The wires of the note ^^^E one octave 

below it, are also capable of producing middle C 
when they vibrate in the form with two segments. 

So are those of ^^' , a Twelfth below it, when 
vibrating with three segments, those of =z-==r, two 

octaves below it, vibrating with four segments, and 
so on. Proceeding in this way we determine a series 
of notes on the key-board of the pianoforte, the wires 
of which are able to produce a simple tone of the 
pitch of middle C. They obviously follow the same 
law as the harmonic overtones of a compound sound 
with middle C for its fundamental-tone, except that 
the successive intervals are reckoned downwards 
instead of upwards. The wires of aU these notes 
will reinforce the tone of the tuning-fork by reso- 
nance. If now we remove the fork, and strike middle 
C on the pianoforte itself, we obtain, of course, a 
compound sound consisting of a number of simple 
tones. To each of these latter there corresponds a 
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descending series of notes on the. key-boaxd, com- 
mencing with that whose fundamental is in imison 
with the simple-tone in question. A full chord 
struck in the middle region of the instrument will, 
in this way, command the more or less active services 
of two or three times as many wires as have been set 
vibrating by direct percussion. The increase of loud-* 
ness thus secured is not very considerable, the effect 
being rather a heightened richness, like that of a 
mass of voices singing pianissimo. The actual inten- 
sity of the sound so heard may be less than could be 
produced by a quartett of solo singers, but it possesses 
a multitudinous character which the other lacks. The 
sustaining power of the loud pedal renders care in 
its employment essential. It should, as a general 
rule, be held down only so long as notes belonging to 
one and the same chord are struck. Whenever a 
change of harmony occurs, the pedal should be 
allowed to rise, in order that the descent of the 
dampers may at once extinguish the preceding chord. 
K this precaution is neglected, perfectly irreconcilable 
chords become promiscuously jumbled together, and 
a series of jarring discords ensue, which are nearly 
as distressing to the ear as the striking of actual 
wrong notes. The quality of pianoforte notes varies 
greatly in different parts of the scale. In the lower 
and middle region it is full and rich, the first six 
T, 8 
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partial-tones being audibly present, though 4, 5, 6 
are much weaker than 1, 2, 3. Towards the upper 
part of the instrument the higher partial-tones dis- 
appear, untU in the uppermost octave the notes are 
actually simple-tones, which accounts for their tame 
and uninteresting character. The pianoforte shares 
with all instruments of fixed sounds certain serious 
defects, which will be discussed in detail in a subse- 
quent chapter. 

When a vibrating wire is passing through its 
undisturbed position, its tension is necessarily some- 
what less than at any other moment, since, in order 
to assume the curved segmental form, it must be a 
little elongated, which involves a corresponding in- 
crease of tension. Hence the two pegs by which the 
ends of a wire are attached to the sound-board are 
submitted to an additional strain twice during each 
complete segmental vibration. The sound-board, 
being purposely constructed of the most elastic wood, 
yields to the rhythmic impulses acting upon it, and 
is thrown into segmental vibrations like those of the 
wire. 

These vibrations are communicated to the air in 
contact with the sound-board, and then transmitted 
further in the ordinary way. The amount of surface 
which a wire presents to the air is so small, that, but 
for the aid of the sound-board, its vibrations would 
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hardly exoite an audible sound. The reader will not 
fail to notice that the sound-board of the pianoforte 
plays the same part as the hollow cavity of the 
violin, and is, in fact, a solid resonator. In the 
harp, the framework of the instnunent serves the 
same purpose. We have, in this combination of a 
vibration-exciting apparatus with a resonator, the 
type of construction adopted in . nearly all musical 
instruments* 

3. Sounds of orgawpipes* 

57. It has been shown [§ 51] that, when two 
series of equal waves due to transverse vibrations, 
travel along a stretched wire, in opposite directions, 
stationary nodes are formed at equal distances along 
it, separated by vibrating segments of equal lengths* 
Let us now suppose that two series of equal waves 
due to longitudinal vibrations are traversing, in oppo- 
site directions, a column of air contained in a tube of 
imiform bore. Each set of such waves has its own 
associated wave-form [§ 18]. These will behave 
to each other precisely in the same way as the trans- 
verse waves of Fig. 35. We have only, therefore, 
to consider the curves drawn in that figure as con- 
stituting the associated waves for the longitudinal 
air-vibrations, in order to make the conclusions of 
§.52 at once applicable to the case before us. The 
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result is a series of equidistant nodes, or points 
of permanent rest, distributed along the column 
of air. The intervening portions of air vibrate 
longitudinally at the same rate as the corresponding 
ventral segments of Fig. 35. We have here, as in' 
the case of the sounding wiVe, all the conditions for 
the production of a musical note, of pitch correspond- 
ing to the rapidity of vibration obtained. It only 
remains to show that, in the case of every organ- 
pipe, two sets of equal waves traverse in opposite 
directions the air-column which it contains. 

Organ pipes are of two kinds, called respectively 
'stopped' and ' open,'— epithets which, however, 
apply only to one end of the pipe ; the other is in 
both kinds open. 

To begin with the first variety. 




58. Let AB, Fig. 37, be the closed end of a 
stopped pipe, and let a series of pulses of condensa- 
tion and rarefaction be passing along the air within 
it, in the direction shown by the arrow. First let a 
pulse of condensation, CABD, have just reached AB. 
By supposition, the air in AD is denser, and there- 
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fore at a higher pressure, than the air behind it. It 
will therefore expand. Forward motion being barred 
bj AB, the expaiision muat tate plax^e entirely in 
the opposite direction. Hence the pulse of conden- 
sation is reflected at the end of the pipe, and pro- 
ceeds to traverse its previous course in the reverse 
direction. Next, suppose CABD to be a pulse of 
rarefaction. The air in it is at a less pressure than 
that of the air behind it. Accordingly, it will be 
condensed between the pressure from behind and the 
resistance of the fixed obstacle in front. The con- 
densed pulse behind it will expand during the pro- 
cess and become itself rarefied. Thus a pulse of 
rarefaction, equally with one of condensation, is re- 
flected at the closed end of the pipe. Neither pulse 
suffers any other chahge except of direction of mo- 
tion. Since every pulse is thus regularly reflected 
at ABy and made to travel back imchanged along 
the pipe, it follows that a system of equal waves 
advancing in the direction of the arrow is necessarily 
met by an exactly equal system proceeding in the 
opposite direction. For stopped pipes, therefore, 
the point required to be proved is made out. 

Let AB^ Fig. 38, be one end of an open pipe, 
along which condensed and rarefied pulses are being 
alternately transmitted in the direction of the arrow. 
First, let CABD be a pulse of condensation which 
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has just reached AB. The air in it is at a higher 
pressure than the outer air beyond ^^, which is in the 
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ordinary atmospheric condition, neither condensed nor 
rarefied. Hence some of the advanced part of the pulse 
CABD will escape into the open air. This exit will 
cease as soon as the air just in front of AB has 
been suflBciently condensed by its means. But, in 
the mean time, CABD has become rarefied by the 
escape of part of its air. Hence a rarefaction will 
travel back along the tube. 

Now, let CABD have been originally a rarefied 
pulse. It will be convert*ed by the superior pressure 
of the air, both in front and rear, into a condensation, 
and in this condition start on its backward route. 

By the above reasoning^, which the student' 

■ 

should carefully compare with that of [§ 21], it is 
clear that reflection takes place at an open, as well 
as at a closed end of a pipe ; with this difference 
however, that in the former case condensation is 
turned into rarefaction and rarefaction into conden- 

* I am indebted for this popular explanation of reflection at 
tte open end of a pipe to Mr Coutts Trotter, Fellow ^ud Tutor 
of Trinity College, Cambridge. 
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sation, so tliat the wave returns hind part before. 
We have thus established for an open pipe what was 
proved for a stopped one on p. 11 7. 

59. We will now examine what forms of seg- 
mental vibration the air in a stopped pipe can adopt. 
Every such form must necessarily have a node coin- 
cident with the closed end of the pipe, since no longi- 
tudinal vibrations are possible there. The impulses 
constituting the series of direct waves are not, as we 
shall see presently, originated, like those of a piano- 
forte string, at some intermediate point, but enter 
the pipe at its open end. This must therefore be a 
point of maximum vibration. Now a glance at Fig. 
35, shows that the maxima of vibration, are at the 
middle points of the ventral segments. Hence the 
centre of a segment must coincide with the open end 
of the pipe. 

The aibove considerations suffice to solve the 
problem before us. If the closed end of the pipe is 
placed at A (Fig. 35), the open end must be midway 
between A and 1, or between, 1 and 2, 2 and 3, 3 
and 4, and so on. No other forms of vibration are 
possible. 

Fig. 39 shows the air in a stopped pipe of 
given length vibrating in four such ways. The 
vertical lines indicate the positions of the nodes. 
For the sake of greater clearness, the loops of the 
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a3Sociated vibration-forms are in each case drawn 
in dotted lines. 



(a) 




(») 




(0 





<p) 



In (-4) we have half a segment; in {B) a segment 
and a half ; in ((7) two segments and a half ; in [D) 
three segments and a half. The numbers of seg- 
ments into which the length of the air-column is 
divided, in the four cases, are, therefore, proportional 

to 

h li 2^, and 3|, 

i.e. to ^, f, |, and |, 

or to the whole numbers 1, 3, 5, and 7. 

Now by § 53 it appears that the rate of vibration 

in any form varies as the number of segments into 

which it is divided. The vibration-numbers of the 

sounds produced in the present instance are, therefore, 
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proportional to 1, 3, 5 and 7, i. e. we get the first 
four odd partial-tones of a sound of which {A) gives 
us the fundamental tone [§ 43]. The reasoning here 
adopted evidently applies equally well to cases in 
which the air-column is subdivided to any assigned 
extent. It follows, therefore, that the notes obtain- 
able from a stopped pipe are all odd partial-tones 
belonging to one and the same clang. 

60. The case of the open pipe shall next be 
investigated. Here, as in the previous case, the end 
at which the direct pulses enter must be at the 
centre of a ventral segment. The considerations 
alleged on p. 118 indicate that the same thing must 
also hold good at the opposite orifice. 

Referring once more to Fig. 35, we obtain all the 
possible modes of vibration which satisfy both the 
above conditions by placing one end of the pipe mid- 
way between -4 and 1, and the other successively half 
way between 1 and 2, 2 and 3, 3 and 4, and so on. 
The first four of the cases thus obtained, for a tube 
of constant length, are shown in the next figure, 
which is drawn on precisely the same plan as Fig. 39. 

In each case, the two half segments at the ends 
of the pipe make up one whole segment. The num* 
bers of segments into which the air- column is divided 
are, therefore, in (-4), 1 ; in (5), 2 ; in (C), 3 ; in 
(D), 4. The same law would obviously hold for 
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higher subdivisions. Hence, in the case of an open 
pipe, the rates of all the possible modes of segmental 
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vibration are as the numbers 1, 2, 3, 4, 5, &c. The 
notes obtainable from such a pipe are, therefore, 
the complete series of partial-tones belonging to one 
and the same clang. 

61. If the slowest forms of vibration, shown at 
{A) in Figs. 39 and 40, are compared with each other, 
it will be at once seen that the vibrating segment of 
Fig. 39 is exactly twice as long as that of Fig. 40. 
Hence, the deepest tone obtainable from a stopped 
pipe is always precisely one octave lower than the 
gravest tone producible from an open pipe of the same 
length. It has been shown in § 39 that this result 
of theory is borne out by experiment. 
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62. In order to complete this investigation, it is 
necessary to determine the pitch of the lowest note 
which a pipe of giren length \s capable of uttering. 
By § 52 we know that a complete segmental vibra- 
tion is performed during the time occupied by a 
pulse in traversing twice the length of a single seg- 
ment. In {A) Fig. 39, this is equal to four times the 
length of the tube. The velocity of the pulse is here 
the velocity of Sound in air, which, under ordinary 
conditions of temperature, &c., we may put at 1125 
feet per second^. The vibration-niunber of a stopped 
pipe's lowest tone is therefore found by dividing 
1125 by four times the length of the pipe expressed 
in feet. Conversely the length of a stopped pipe, 
which is to have as its deepest tone a note of given 
pitch, is found by dividing 1125 by four titnes the 
vibration-number of the note to be produced. The 
quotient gives the required length in feet. For 
example, middle C of the pianoforte makes 264 
vibrations per second. The required length in this 

1125 
case would be expressed by , which is rather 

more than 1 ft. ^in., i.e. roughly speaking, one foot. 
An open pipe, to produce the same note, would there- 
fore have to be two feet in length. 

It has been just shown that the vibration-numbeu 

' Tyndairs Sotrnd, p. 24. 
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of the lowest tone producible, either £rom a stopped 
or an open pipe, varies inversely as the length of the 
pipe. The length of the pipe therefore varies in- 
versely as the vibration-number. Hence the rela- 
tions established in § 55 for strings, hold also for 
columns of air contained in pipes. The case of the 
pipe-sounds is, however, somewhat simpler than that 
of the string-sounds, since the pitch of the latter 
depends on the tension of the strings as well as on 
their lengths, whereas, in the former, pitch depends, 
under given atmospheric conditions, on length alone. 
Hence we may define a note of assigned pitch by 
merely stating the length of the stopped or open 
pipe, whose fundamental tone it is. The open-pipe 
is commonly preferred for this purpose, and accord- 
ingly organ builders call middle C *2 foot tone;' the 
octave below it * 4 foot tone,* and so on. The lowest 
C on modem pianofortes is ' 1 6 foot tone ; ' that one 
octave lower, which is found only on the very largest 
organs, *32 foot tone/ The highest note of the 
pianoforte, usually -4, would be about *2 inch tone.' 

63. The reader should observe that, in the course 
of this discussion, we have incidentally obtained a 
more complete theory of resonance than could be 
given in chapter m. When a tuning-fork is held at 
the orifice of a tube, the strongest resonance will be 
produced if the note of the fork coincides with the 
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ftmdamental tone of the tube. A decided, though 
less powerful, resonance ought also to ensue if the 
fork-note coincides with one of the higher tones of 
the tube, which, as we know, are all overtones of its 
fundamentaL A resonance-box is only a stopped 
pipe under another name. We may therefore employ 
it to test the truth of our result, that the only tones 
obtainable from a stopped pipe are the odd partial- 
tones of a clang, of which the first is the fundamental 
tone. I possess a series of forks giving the first 
seven partial-tones of a clang. When I strike 1, 3, 
5 or 7, and hold them before the open end of the 
resonance-box corresponding to 1, a decided rein- 
forcement of their tones is heard. If I do the same 
' with 2, 4, or 6, hardly any resonance is produced. 
Thus our theoretical result is experimentally verified. 

64. Organ pipes are divided into two classes 
according as the sounds, which they are to strengthen 
by resonance, are originated 

(1) by blowing against a sharp edge, 

(2) by blowing against an elastic tongue. 
Those of the first-class are called ^i^e-pipes ; those 

of the second class reec^pipes. We will consider 
each class by itself. 

65. Flue-pipes. Here the wind is driven through 
a narrow slit against a sharp edge placed exactly 
opposite to it, in the manner shown in Fig. 41, which 
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represents a vertical section of a portion of the pipe 
nsar the end at which its soimd originates. 



I?tgAt 




The air is forced by the bellows through the tube 
ah, into the chamber c, and escapes through the slit 
c?, thus impinging against the edge e, where it pro- 
duces a sharp hissing sound which may be imitated 
by blowing with the mouth against a knife-edge held 
in front of it. This sound, as we shall see in the 
sequel, may be regarded as consisting of a great 
variety of notes of different pitcL Of these the 
pipe is able to reinforce, by the resonance of its 
air-column, such notes as coincide with its own 
essential tones. The quality of the sound thus 
resulting will, of coui"se, depend on the number, 
orders and relative intensities of the partial-tones 
present in the clang heard. The original hissing 
sound contributes nothing directly to the whole 
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effect, being, with well constructed mechanism, in- 
audible except close to the pipe. 

Stopped wooden flue-pipes of large aperture, 
blown by only a light pressure of wind, produce 
sounds which are nearly simple tones; only a trace 
of partial-tone No. 3 being perceptible. Such tones, 
like the fork tones with which they are in fact 
almost identical, sound sweet and mild, but also 
tame and spiritless. A greater pressure of wind 
developes 3 distinctly, in addition to 1, and, if it 
becomes excessive, may spoil the quality by giving 
the overtone too great an intensity compared to that 
of the fundamental, or may even extinguish the 
latter altogether^ and so cause the whole sound to 
jump up an octave and a Fifth. This result may 
easily be obtained by blowing with the mouth into a 
small 6 -inch stopped pipe, which can easily be ob- 
tained at any organ factory. 

Stopped pipes of narrow aperture develope 5 
audibly, as well as 1 and 3. 

In the case of an open pipe the fundamental-tone 
is never produced by itself. According to the dimen- 
sions of the pipe, and the pressure of wind, it is 
accompanied by from two to five overtones. Open 
flue-pipes present, therefore, various degrees of timbre 
which are exhibited in the different ^stops' of a large 
organ. 
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66. Reed-pipes. The apparatus by wMcli the 
sounds of pipes of this class are originated is 
the following. One end of a thin narrow strip of 
elastic metal, called a * tongue/ is fastened to a 
brass plate, while the other end is free. A rect- 
angular aperture, very slightly larger than the 
tongue, is cut through the plate, so as to allow the 
tongue to oscillate into and out of the aperture, like 
a door with double hinges, without touching the 
edges of the aperture as it passes them. The accom- 
panying figure shows this piece of mechanism, which 
is called a 'reed,' in its position of rest. 




It is set in motion by a current of air being driven 
against the free end of the tongue, which is thus 
made to swing between limiting positions as shown 
in the annexed sections. 




j^.4a 




When the tongue occupies a position intermediate 
between that of {A) and its position of equilibrium, 
the air passes through the aperture in the direction 
indicated by the arrows in {A). At the momeilt that 
the tongue passes through its equilibrium position 
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towards that shown in (jB), the current of air is barred 
by the accuracy with which the tongue fits into the 
aperture beneath it. Only when the tongue again 
emerges can the air resume its passage. The reed 
thus produces a series of equal discontinuous impulses 
of air at equal intervals of time. The principle of the 
instrument is identical with that of the Syren, and 
it therefore gives rise to a regular musical sound. 
Its note is a highly composite clang, containing dis- 
tinctly recognizable partial-tones up to the 16th or 
20th of the series. Thus a reed does not require 
to be associated with a resonating column in order 
to produce a musical soimd ; in fact the instrument 
called the harmonium consists of reeds without such 
adjuncts. The timbre of an independent reed is, 
however, characterised by too great intensity on the 
part of the higher partial-tones. It is desirable to 
correct this defect by strengthening the fundamental- 
tone of the clang. This is done by placing the reed 
in the mouth of a pipe whose deepest tone coincides 
with the fundamental-tone of the reed-clang. This 
tone will then be most powerfully reinforced by 
resonance. The other partial-tones of the clang (the 
odd ones only in the case of a stopped pipe) will 
also be strengthened by resonance, but to a smaller 
and smaller extent as their order rises. The force 

required to throw a column of air into rapid vibra- 
T. 9 



130 SOUNDS OF REED-PIPES. [V. § C6. 

tion is greater than suffices to set up a slow vibra- 
tion. Hence, if two partial-tones in the reed-clang 
were exactly equally intense, the lower of them 
would cause a more powerful resonance than the 
higher. Since the force necessary to produce seg- 
mental vibration increases very rapidly, as the sub- 
divisions of the air-column become more numerous, the 
very high partial-tones of the reed-clang are practi- 
cally unsupported by the resonance of the associated 
pipe. It will be seen hereafter how the quahty of 
the resulting sound is improved by this circumstance. 
It is clear that sounds differing widely in quality 
may be obtained by associating a reed with pipes of 
different lengths and forms. If the pipe's funda- 
mental tone coincides with that of the reed-clang, in 
the case of a stopped pipe, only odd, in that of an 
open pipe, both odd and even, partial-tones are 
strengthened by resonance. If the fundamental tone 
of the pipe coincides with one of the overtones of the 
reed-clang, the quality of the resulting sound is 
correspondingly affected, The form of the pipe may 
also be modified, so as to be conical, or of any other 
shape, which will bring in other changes in its 
resonating properties. In these ways we have pro- 
vision for the great variety of quality among reed- 
pipes, which we find represented in organ stops of 
that class. 
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4. Sounds of orchestral wind-instruments and of 

the human voice. 

67. The ^z^^e is in principle identical witli an 
open flue-pipe. The lips, and a hole near the end 
of the tube, play the parts^ of the narrow slit and 
opposing edge. The quality of the instrument is 
sweet, but too nearly simple to be heard during a 
long solo without becoming wearisome. Its most 
lovely effects are produced by contrast with the 
more brilliant timbre of its orchestral colleagues. 

The clarionet, hautbois and bassoon have wooden 
reeds. The clarionet has a stopped cylindrical tube, 
producing only odd partial-tones, whence its cha- 
racteristic quality. The hautbois and bassoon have 
conical tubes. 

In the horn and trumpet the lips of the per- 
formers supply the place of a reed. ' 

68. The apparatus of the human voice is essen- 
tially a reed (the vocal chords), associated with 
a resonance-cavity (the hollow of the mouth). 

The vocal chords are elastic bands, situated at 
the top of the wind-pipe, and separated by a narrow 
slit, which opens and closes again with great exact- 
ness, as air is forced through it from the lungs. 
The form and width of the slit allow of being quickly 
and extensively modified by the changing tension of 
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the vocal chords, and thus sounds widely differing 
from each other in pitch may be successively pro- 
duced with surprising rapidity. In this respect, 
the himian * reed ' far exceeds any that we can arti- 
ficially construct. 

The size and shape of the cavity of the mouth 
may be altered by opening or closing the jaws, 
raising or dropping the tongue, and tightening or 
loosening the lips. We should expect that these 
movements would not be without effect on the reso- 
nance of the contained air, and such proves on 
experiment to be the fact. If we hold a vibrating 
tuning-fork close to the lips, and then modify, suc- 
cessively, the resonating cavity, in the ways above 
described, we shall find that it resounds most power- 
fully to the fork selected when the parts of the 
mouth are in one definite position. If we try a fork 
of different pitch, the attitude of the mouth, for the 
strongest resonance, is no longer the same. 

Hence, when the vocal chords have originated 
a reed-clang containing numerous well developed 
partial-tones, the mouth-cavity, by successively 
throwing" itself into different postures, can favour 
by its resonance, first one partial-tone, then another ; 
at one moment this group of partial-tones, at another 
that. In this manner endless varieties of quality 
are rendered possible. The art of vocalizing consists 
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in so placing the resonating apparatus of the voice 
as to modify the clang due to the vocal chords in the 
way most attractive to the ear. 

The complete analysis of the soimds of the hu- 
man voice into their separate partial-tones presents 
peculiar diflficulties to the' unassisted ear, and can 
hardly be effected without the help of resonators 
such as those described in § 42. By their aid we can 
detect in the lower notes of a bass voice, when 
vigorously sung, shrill overtones reaching as far as 
No. 1 6, which is four octaves above its fundamental- 
tone. Under certain conditions these high overtones 
can be readily heard without recourse to resonators* 
When a body of voices are singing ybr^iWmo without 
any instrumental accompaniment, a peculiar shrill 
tremulous sound is heard which is obviously far 
above the pitch of any note actually being sung. 
This sound is, to my ear, so intensely shrill and 
piercing as to be often quite painful. I have also 
observed it when listening to the lower notes of an 
unusually fine contralto voice. The reason why 
these acute sounds are tremulous will be given later. 

69. We close this discussion by describing a 
mode of submitting Helmholtz's general theory of 
musical quality to a further, and very severe test. 

The sounds of tuning-forks when mounted on 
their appropriate resonance-boxes are, as we know, 
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very approximately simple tones. If, therefore, we 
allow a number of such sounds, coincident in pitch 
with the fundamental-tone, and with individual 
overtones, of one and the same clang, to be simul- 
taneously produced, the effect on the ear ought, if 
Helmholtz's theory is true, to be that of a single 
musical sound, not that of a series of independent 
tones. To try the experiment in the simplest form, 
take two mounted forks forming the interval of an 
octave, and cause them to utter their respective 
tones together. For a short time we are able to dis- 
tinguish the two notes as coming from separate 
instruments, but soon they blend into one sound, to 
which we assign the pitch of the lower fork, and a 
quality more brilliant than that of either. So strong 
is the illusion, that we can hardly believe the higher 
fork to be really stUl contributing its note, until 
we ascertain that placing a finger on its prongs at 
once changes the timbre, by reducing it to the dull, 
uninteresting quality of a simple tone. The character 
of a clang consisting of only one overtone and the 
fundamental, may be shown to admit of many dif- 
ferent shades of quality, by suitably varying the 
relative intensities of the two fork-tones in this 
experiment. If we add a fork a Fifth above the 
higher of the first two, and therefore yielding the 
third partial-tone of the clang of which they form 
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the first and second, the tliree tones blend as per- 
fectly as the two did before ; the only difference 
perceptible being an additional increase of brilliancy. 
The experiment admits of being carried further with 
the same result. 

If we were able to produce by means of tuning- 
forks as many simple tones of the series on p. 84 as 
we pleased, and also to control at will their relative 
intensities, it would be possible to imitate, in this 
manner, the varying timbre of every musical instru- 
ment. The unmanageable character of very high 
forks has as yet prevented this being done for sounds 
containing a very large number of powerful over- 
tones, but an apparatus on this principle has been 
devised by Professor Helmholtz, which imitates, very 
successfully, sounds not involving more than the 
first six or eight partial-tones. His theory of quality 
is thus experimentally demonstrated, both analyti- 
cally and synthetically. We will examine in the 
next chapter some important theoretical considera- 
tions by which this theory is further elucidated and 
confirmed. 



CHAPTER VI. 



ON THE CONNECTION BETWEEN QUALITY AND MODE OF 

VIBRATION. 

70. It was stated on p. 71 that, when a pendu 
lum performs oscillations whose extent is small com 
pared to the length of the pendulum itself, th( 
period of a vibration is the same for any extent Oj 
swing within this limit. We will apply this fact t( 
prove that the prongs of a tuning-fork vibrate ii 
the same mode (§ 11) as does a pendulum. 

When a sustained simple tone is being trans 
mitted by the air, we may regard it as originatec 
by a tuning-fork of appropriate pitch and size. Bui 
we know experimentally that, by suitable bowing 
we may elicit from such a fork tones of various de- 
grees of intensity, though having all the same pitch, 
Here, therefore, the extent of vibration varies, while 
the period remains constant, which is the pendulum- 
law. Accordingly the vibrations of a tuning-forE 
are identical, in mode, with those of a pendulum 
The same thing will hold good of the aerial vibra- 
tions to which those of a fork give rise. Hence, ir 
general, a simple tone is due to vibrations executec 
according to the pendulum-law. 
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Such vibrations when performed longitudinaUy, 
will, therefore, give rise to waves of condensation 
and rarefaction whose associated wave-form is that 
drawn in Fig. 17 (a) p. 38. It will be convenient to 
call the vibrations to which a simple tone is due simple 
vibrations; and the associated waves simple waves. 
We proceed to examine the modes of vibration cor- 
responding to composite sounds. 

Let us, first, take the case of a sustained clang 
consisting of but two simple tones, the fundamental 
and its first overtone. A particle of air engaged in 
transmitting this sound is simultaneously acted upon 
by two sets of vibratory movements, and we have to 
investigate what its motion will be under their joint 
influence. In fact, the problem before us is the com- 
position of two simple vibrations. In order to solve 
it, we must employ a principle of Mechanics, called 
the " superposition of small motions," the nature of 
which can be illustrated experimentally as follows. 

71. Suppose a cork to be floating on the undis- 
turbed surface of a sheet of water into which two 
stones are thrown at different points. From each 
origin of agitation concentric circular waves will 
spread out, and presently the cork will be influenced 
by both sets of disturbances at once. Either series 
of waves, if it acted separately on the cork, would 
cause it to execute a vibratory movement in a verti- 
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cal straight line. The mechanical principle which 
we are explaining asserts that the joint effect of the 
two sets on the cork will be exactly equal to the 
sum or difference of their separate effects, according 
as these are produced in the same, or in opposite 
directions. The accompanying figures show the four 
different cases which may arise. In each, a and h 
are the points which the cork, originally at rest at O 
in the level-line, would occupy, at the moment 
indicated in the figure, were it acted on by either 
set of waves alone ; c is its contemporaneous position 
under their joint action. 



(1) 



1^.44. 



(2) 





(3) 




(4) 




In (1), crest falls on crest ; in (2), trough on 
trough, and the displacement, Ocy of the cork from 
its position of rest, 0, is equal to the sum of the dis- 
placements due to the two crests separately, viz, Oa 
and Oh. In (3) and (4), where the crest of one 
wave meets the trough of another, Oc is equal to 
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the difference between Oa and Oh ; c being above or 
below the level-line, according as Oa is greater 
than 06, as in (3), or less than 0&, as in (4). Thus, 
each wave produces its own full effect on the cork 
in its own direction, or, in other words, the motion 
due to one wave is ^ superposed ' on that due to the 
other. 

In order, then, to determine the form of the joint 
wave which results from the combination of two con- 
stituent waves, we have only to apply the above 
principle successively to points in the level-line which 
both sets of disturbances simultaneously affect. We 
thus obtain an assemblage of points constituting the 
joint wave required. 

In the instance now before us we proceed as 
follows. Let each simple tone be represented by its 
associated wave-system. Ascertain by the process 
just described to what joint form the combination of 
the two associated wave-systems lead. The result 
will be the associated system corresponding to the 
mode of particle-vibration to which the compound 
sound is due. 

72. Before, however, we can lay down the two 
tributary systems of waves, an important point re- 
mains to be settled. We will, for a moment, suppose 
that the two simple tones on which we are engaged 
are originated and sustained by two tuning-forka. 
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situated as in the annexed figure, and that we are 
examining the transmission of their resulting clang 
along the dotted line with respect to which they are 
symmetrically situated. 



ft 



Let the forks have been set sounding by pre- 
cisely simultaneous blows. They will then commence 
swinging out of their positions of rest in the same 
direction at the same instant^ Tlie points in the 
associated wave-forms where a vibrating particle is 
momentarily in its position of rest, are those in which 
it cuts the level-line. Hence, in laying down the 
two tributary wave-systems along the same level-line, 
we must make them both cut that line in some one 
pointy taking care that their convexities at that point 
are both turned the same way, as at O, Fig. 46. 



o^- 

In this case the two vibrations are said to start 
in the same phase. 

If the two forks are set in vibration at different 
pioments, they may not swing out of their equilibrium 
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positions in the same direction together. Hence we 
no longer necessarily have a point where both sets of 
waves cut the level-line. The result is of the kind 
shown in Fig. 47, where three different cases are 
represented. 

Here we have vibrations starting in different 
phases. 

It is clear from the figure that all phase- 
differences can be properly represented by merely 
causing the wave-systems engaged to assume different 
positions upon the level-line, with reference to each 
other. The second and third cases are obtainable 
from the first by sliding the system of shorter waves 
bodily along the level-line, while the other system of 
waves retains its position. 




By the help of the instrument mentioned on 
p. 135 Professor Helmholtz has demonstrated that. 
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wLen a number of partial-tones are independently 
produced, the clang into wMcli they coalesce has the 
same qiccdity, whatever differences of phase may exist 

m 

among the systems of simple vibrations to which the 
constituent paHial-tones are due. Accordingly, we 
may expect to find that not one single wave-form, 
but many such forms, correspond to a sound of given 
quality and pitch. 

In Figs. 48, 49, 50, the associated wave-form cor- 
responding to our clang of two partial-tones (p. 137) 
is constructed for three degrees of phase-difference. 
The simple constituent waves are shown in thin, the 
result of their composition in fiill lines. In each 
case two complete wave-lengths of the latter are 
exhibited. 

Figs. 51 and 52 present two wave-forms drawn, 

in the same way, for a clang of constant pitch and 
quality containing the partial-tones 1, 2 and 3. 

The dissimilarity of form, and therefore of cor- 
responding particle-vibration, is, in both sets of 
figures, most marked. 

73. It has been shown that, by mere alteration of 
phase, a very great variety of resultant wave-forms can 
be obtained from two sets of simple waves of given 
lengths and amplitudes. Uach one of these forms will 
give rise to a cycle of others, if we allow the relative 
amplitudes of the constituent systems to be changed. 
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wldle keeping the difference of phase constant. If, 
therefore, we have at our disposal the systems of 




Fig. 52 




simple waves corresponding to an unlimited number 
of partial-tones, and can assign to them any degrees 
of intensity and phase-difference that we choose, it is 
manifest that we may produce by their combination 
an endless series of different resulting wave-forms. 
On the other hand, it is not evident that, even out of 
this rich abundance of materials, we could build up 
every form of wave which could possibly he assigned. 
The French mathematician Fourier has, however, 
demonstrated that there is no form of wave which 
(unless itself simple) cannot be compounded out of 
a number of simple waves, whose lengths are in- 
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Tersely as the numbers 1, 2, 3, 4, &c. He has fur- 
ther shown that each individual wave-form admits 
of being thus compounded in only one way^ and has 
provided the means of calculating, in any given case, , 
how many J and whatj members of the partial series 
will appear, their relative amplitudes and theii: 
diSerences of phase. 

When translated from the language of Mechanics 
into that of Acoustics, the theorem of Fourier asserts 
that every regular musical sound is resolvable into 
a definite number of simple tones whose relative 
pitch follows the law of the partial-tone series. It 
thus supplies a theoretical basis for the analysis and 
synthesis of composite sounds which have been ex^ 
perimentally efiected in chapters iv. and v. 

When we are listening to a sustained clang, 
the air, at any one point within the orifice of thq 
ear, can have only one definite mode of particle- vi- 
bration at any one moment. How does the . ear 
behave towards any such given vibration ? It pro-, 
ceeds as follows. If the vibration is simple, it leaves 
it alone. If composite, it analyzes it into a series of 
simple vibrations whose rates are once, twice, three 
times &c. that of the given vibration, in accordance 
vdth Fourier's theorem. In the former event, the? 
ear perceivea only a simple tone. In the latter, it 
is able to recognize, by suitably directed and assisted* 
T. 10 
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efforts, partial-tones corresponding to the rate of 
each constituent into which it has analysed the com- 
posite vibration originally presented to it. The ear 
being deaf to differences of phase in partial-tones 
(p. 142), perceives no distinction between such modes 
of vibration as those exhibited on p. 1 43, but merely 
resolves them into the same single pair of partial- 
tones. Since, however, only one such resolution of 
a given vibration-mode is possible, the ear can never 
vary in the series of partial-tones to which it re- 
duces an assigned clang. 

The power possessed by the ear of thus singling 
out the constituent tones of a clang, and assigning 
to them their relative intensities, is unlike any cor- 
responding capacity of the eye. Take for instance 
the two curves shown in Figs. 51 and 52, and try 
to determine, by the eye alone, what simple waves, 
present with what amplitudes, must be superposed 
in order to reproduce those forms. The eye will 
be found absolutely to break down in the attempt. 

We have seen that the loudness of a compo- 
site sound depends on eoctent of vibration, and its 
pitch on rate of vibration. There remains only one 
variable element, viz. nfiode of vibration, to account 
for the quality of the sound. From this conside- 
ration it foUows that some connection must exist 
between the quality of a sound and the mode of 
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aerial vibration to wHcli the sound is due. Up to 
the time of Hehnholtz no advance had been made in 
clearing up the nature of this connection. It was 
reserved for him to show that, while no two sounds 
of different quality can correspond to the same mode 
of vibration, many different modes of vibration may 
yet give rise to a sound of only one degree of quality. 
In other words, mode of vibration determines quality, 
but qualitv does not determine mode of vibration. 



10 — 2 



CHAPTER Vn. 

ON THE niTEBFEBENCE OF SOUND, AND ON 'BEATS'. 

74. In § 71 we examined the principle on which 
the problem of the composition of vibrations is gene- 
rally solved. We now approach certain very import- 
ant particular cases of that problem, which it will be 
worth while to solve both independently, and also as 
instances of the method repeatedly applied in § 72. 

Suppose that a particle of air is vibrating be- 
tween the extreme positions A and B, under a 
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sustained simple tone produced by a tuning-fork, 
or stopped flue-pipe. Now let a second instru- 
ment of the same kind be caused to emit a tone 
exactly in unison with the first. We will assume 
that, when the vibrations constituting the second 
tone £all on the particle, it is just on the point of 
starting from A towards 5, xmder the influence of 
those of the first. Two extreme cases are now possi- 
ble, depending on the movement which the particle 
■' ^ 
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would have executed, had it been affected by the 
later-impressed vibration alone. First, suppose that 
to be from A along the line -4J5, either through a 
greater or less distance than AB, back agaki to -4, 
and so an. Here the separate effects of the two sets 
of vibrations wiU be added together, the particle will, 
therefore, perform vibrations of larger extent than it 
would under either component separately. Next, 
suppose that, under the second set of vibrations 
alone, the particle would move from A in the opposite 
direction to its former course, Le. along BA pro- 
duced, shown by a dotted line in the figure. In 
this case the separate effects are absolutely antagon- 
istic ; accordingly the joint result is that due to the 
difference of its components. The particle will, 
therefore, execute less extensive vibrations than it 
would have done under the more powerful of the 
two components acting alone. 

The most striking result presents itself when the 
two systems of vibrations, besides being in complete 
opposition to each other, are also exactly equal in 
extent. In this case, the air-particle, beiag solicited 
with equal intensity in two diametrically opposite 
directions, remains at rest, the two systems of vibra- 
tions completely neutralizing each other's effect. In 
general, however, these systems, even when equal in 
extent of vibration, axe neither in complete opposi- 
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tion nor in complete accordance, but in an interme- 
diate attitude, so as only partially to coimteract, or 
support, each other. These conclusions admit of 
being exhibited in a more complete manner by 
means of associated waves. We have only to lay 
down the simple wave-forms corresponding to the 
constituent vibrations, and superpose them as in 
§ 72. The reader will have noticed that the 
diflferences of relative motion described on p. 149 
are merely phase-differences. 




In Fig. 54, (1), (2), (3), we have two waves of 
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unequal amplitudes in complete accordance, complete 
antagonism, and an intermediate condition respec- 
tively. In Fig. 55, a case of equal and opposite 
waves is shown. In (1) Fig. 54, the resultant wave 
is the surriy and in (2) the difference of the compo- 
nent waves. In (3), we get a wave of intermediate 
amplitude. These three resulting waves are neces- 
sarily simple^ as otherwise two simple tones in unison 
would give rise to a composite sound, which would 
be absurd. In Fig. 55 the wave-form degenerates 
into the level-line, L e. no effect whatever occurs, 

JPiff.SB. 




75. Thus, when one simple tone is being heard, 
we by no means necessarily obtain an increase of 
loudness by exciting a second simple tone of the 
same pitch. On the contrary, we may thus weaken 
the original sound, or even extinguish it entirely. 
When this occurs we have an instance of a phe- 
nomenon which goes by the name of Interference. 
That two sounds should produce absolute silence 
seems, at first sight, as absurd as that two loaves 
should be equivalent to no bread. This is, however, 
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only because we are accustomed lo tliink of Sound as 
sometbing "witli an external objective existence ; not 
as consisting merely in a state of motion of certain 
air-particles, and tberefore liable, on .tbe application 
of an opposite system of equal forces, to be absolutely 
annihilated* 

A single tuning-fork presents an example of this 
very important phenomenon. Each prong sets up 
vibrations corresponding to a simple tone, and the 
two notes so produced are of the same pitch and 
inteiisity. If the fork, after being struck, is held 
between the finger and thumb, and made to re- 
volve slowly about its own axis> four positions of 
the fork with reference to the ear will be foimd 
where the tone completely goes out. These posi- 
tions are mid- way between the four in which the 
faces of the prongs are held flat before the ear. 
As the fork revolves from one of these positions 
of loud tone to that at right-angles to it, the 
sound gradually wanes, is extinguished in passing 
the Interference-position, reappears very feebly im- 
mediately afterwards, and then continues to gain 
strength imtil its quarter of a revolution has been 
completed. 

76. The case of coexistent unisons has now been 
adequately examined: we proceed to enquire what 
happens when two ample tones differing slightly in 
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pUch^ are simultaneously produced. The problem is, 
in fact, to compound two sets of pendulum-vibrations 
whose periods are no longer exactly equal Let us 
fix on a moment of time at which the two component 
vibrations simultaneously soliciting an assigned par- 
ticle of air are in complete accordance, and suppose 
that the particle, under their joint influence, is just 
commencmg a vibration from left to right. It will 
be convenient to call this an outward ^ and its 
opposite an inward swing. Since the periods of the 
two component vibrations are unequal, one of them 
wiU at once begin to gain on the other, and therefore, 
directly after the start, they will cease to be in com- 
plete accordance. It is easy to ascertain what their 
subsequent bearing towards each other wiU be, by 
considering two ordinary pendulums of imequal 
periods, both beginning an outward swing at the 
same instant. Let A be the slower, B the quicker 
pendulum. When A has just finished its outward 
swing, B will have already turned back and per- 
formed a portion of its next inward swing. Thus, 
during each successive swing oi A^ B will gain a 
certain distance upon it When B has, in this 
manner, gained one whole swing, i. e. half a complete 
oscillation, upon A^ it will begin an inward swing at 
the Tnoment when A is commencing an outward swing. 
The two vibrations are here, for the moment, in com-. 
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plete opposition. After another interval of equal 
length, jB, having gained another whole swing, will 
be one complete oscillation ahead of ^, and they will 
therefore start on the next outward swing together, 
i. e. the vibrations will be momentarily in complete 
accordance. Thus, during the time requisite to 
enable B to perform one entire oscillation more than 
Af there occur the following changes. Complete 
accordance of vibrations, lasting only for a single 
swing of the more rapid pendulum, followed by 
partial accordance, in its turn gradually giving way 
to discordance, which culminates in complete opposi* 
tion at the middle of the period, and then, during its 
latter half, gradually yields to returning accordance^ 
which regains completeness just as the period closes. 
It follows from this, combined with what is said 
on p. 149, that in the case of two simple tones, we 
must hear a sound going through regularly recurring 
alternations of loudness in equal successive intervals 
of time, its greatest intensity exceeding, and its least 
intensity falling short of, that of the louder of the 
two tones. Each recurrence of the maximum inr 
tensity is called a heat^ and it is clear that exactly 
one such beat will be heard in each interval of time 
during which the acuter of the two simple tones 
performs one more vibration than the graver tone. 
Accordingly, the number of beats heard in any 
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assigned time will be equal to the number of com- 
plete vibrations which the one tone gains on the 
other in that time. We may express this result 
more briefly as follows : the number of heats per 
second due to two simple tones is equal to the difference 
of their respective vibration-numbers. 

77. By means of the associated wave-forms we 
can obtain a^ graphic representation of beats, which 
will probably be more directly intelligible than any 
verbal description. In Fig. 56, the constituent 
simple waves are laid down, and their resultant 
constructed, for the interval of a semi-tone. The 

vibration-fraction for this interval is -r ; i.e. 16 

15 

vibrations of the higher tone are performed in the 
same time as 15 of the lower. The figure repre- 
sents completely the state of things from a maxi- 
mum of intensity to the adjacent minimum. The 
time during which this change occurs is one-half 
of that above-mentioned : accordingly the figure 
shows 8 and 7i wave-lengths of the respective sys- 
tems. Thus half a beat is here pictorially repre- 
sented, the amplitude of the resultant waves steadily 
diminishing during this period. We have only to 
turn the figure upside down, to get a picture of 
what occurs in the next following equal period. 
The amplitudes here again increase, until they 
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V^^^ their former proportions. One whole heat is 
thua aooovmted for. 
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In addition to the alternations of intensity wliich 
characterize beats^ they also contain variations of 
pitch. The existence of such variations is both 
theoretically demonstrable and experimentally re- 
cognizable, but they are too minute to require ex- 
a^nination here^. 

78. The most direct way of studying the beats 
of simple tones experimentally is to take two unison 
timing-forks and attach a small pellet of wax to the 
extremity of a prong of one of them. The fork so 
operated on becomes slightly heavier than before j 
its vibrations are therefore proportionately retarded, 
and its pitch lowered. When hoth forks are struck 
and held to the ear beats are heard. These will be 
most distinct when the fork's tones are exactly 
equally loud, for in this case the minima of intensity 
will be equal to zero, and the beats will therefore be 
separated by intervals of absolute, though but mo- 
mentary, silence. The increase, in rapidity, of the 
beats, as the interval between the beating-tones 
widens, may be shown by gradually loading one of 
the forks more and more heavily with wax pellets, or 

by a small coin pressed upon them. If it is desired 

» 

* The reader may, if lie wisHes to pursue this subject, refer to 
a paper, by the author, on ^ V<viriati<m8 €f Pitch in EeatSy* in the 
Philosophical Magazine for July, 1872, from which Fig. 56 has 
been copied. 
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to exhibit these phenomena to a large audience, the 
forks should first be mounted on their resonance- 
boxes, and, after the pellets have been attached, 
stroked with the resined bow, care being taken to 
produce tones as nearly as possible equal in intensity. 
Slow beats may also be obtained from any instru- 
ment capable of producing tones whose vibration- 
nimibers differ by a sufficiently small amoimt. Thus, 
if the strings corresponding to a single note of 
the pianoforte are not strictly in unison, such beats 
are heard on striking the note. If the tuning is 
perfect, a wax pellet attached to one of the wires 
will lower its pitch sufficiently to produce the de- 
sired effect. Beats not too fast to be readily counted 
arise between adjacent notes in the lower octaves of 
the harmonium, or, still more conspicuously, in those 
of large organs. They are also frequently to be 
heard in the sounds of church bells, or in those 
emitted by the telegraph wires when vibrating 
powerfully in a strong wind. In order to observe 
them in the last instance, it is best to press one ear 
against a telegraph-post and close the other : the 
beats then come out with remarkable distinctness. 
It should be noticed that, when we are dealing with 
two composite soimds, several sets of beats may be 
heard at the same time, if pairs of partial-tones are 
in relative positions suited to produce them. Thus, 
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suppose that two clangs coexist, each of which pos- 
sesses the first six partial-tones of the series audibly- 
developed. Since the second, third, &c. partial-tones 
of each clang make twice, three times &c. as many 
vibrations per second as their respective fundamen- 
tals (p. 83), it follows that the difierence between 
the vibration-numbers of the two second-tones will 
be twicey that between those of the two third-tones 
three timeSy &c. as great as the difierence between 
Ibhe vibration-numbers of the two fundamentals. 
Accordingly, if the fundamental tones give rise to 
beats, we may hear, in addition to the series so 
accounted for, five other sets of beats, respectively 
twice, three, four, five, and six times as rapid as 
they. In order to determine the number of beats 
per second, for any such set, we need only multiply 
the number of the fimdamental beats by the order 
of the partial-tones concerned. The beats of two 
simple tones necessarily become more rapid if the 
higher tone' be sharpened, or the lower flattened; 
i. e. if the interval they form with each other be 
widened. The beats may, however, also be accele- 
rated, without altering the interval, by merely placing 
it in a higher part of the scale. In this way greater 
vibration-numbers are obtained, and the difference 
of these is proportionally large, though their ratio 
to each other remains what it was before. Thus the 
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rapidity of the beats due to an assigned interval 
depends jointly on two circumstances, the width of 
the interval, and its position in the musical scale ; 
in other words, on both the relative and absolute pitch 
of the tones forming the given interval. 



CHAPTER VIIL 



ON CONCOED AND DISCORD. 



79. A question of fundamental importance now 
presents itself, viz. What becomes of heats, when they 
are so rapid that they can no longer he separately 
perceived hy the ear? In order to answer it, the 
best plan is to take two unison-forks, of medium 
pitch, mounted on their resonance-boxes, attach a 
small pellet of wax to a prong of one of them, and 
then gradually increase the quantity of wax, Atr 
first very slow beats are heard, and as long as their 
number does not exceed four or five in a second, 
the ear can follow and count them without difficulty. 
As they become more rapid the difficulty of counting 
them augments, until at last they cannot be re- 
cognized as distinct strokes of sound. Even so, 
however, the ear retains the conviction that the 
sound it hears is a series of rapid alternations, and 
not a. continuous tone. Its intermittent character is 
not lost; although the intermittances themselves pass 
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fcy too rapidly for individual recognition. Exactly the 
same thing may be observed in the roll of a side 
drum^ which no one is in danger of mistaking for 
a continuous sound. 

Bapid beats produce a decidedly harsh and 
grating effect on the ear; and this is quite what 
the analogy of our other senses would lead us 
to expect. The disagreeable impressions excited 
in the organs of sight by a flickering imsteady 
lights and in those of touch by tickling or scratch- 
ing, are famihar to every one. The effect of rapid 
beats is, in fact, identical with the sensation to 
which we commonly attach the name of discord. 
Let us examine, in somewhat greater detail, the con- 
ditions necessary for its production between two 
simple-tones. If we take a pair of middle C unison 
forks, and gradually throw them more and more out 
of tune with each other in the way already described, 
the roughness due to their beats reaches its maximum 
when the interval between them is about a half- 
tone : for a whole tone, it is decidedly less marked, 
and when the interval amounts to a Minor Third, 
scarcely a trace of it remains. Hence, in order that 
dissonance may arise between two simple-tones, they 
must form with each other a narrower interval than 
a minor third. If we caU this interval the heating^ 
)Stance for two such tones, we may express the 
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above condition thus. Dissonance can arise directly 
between two simple tones, only when they are within 
heating-distance of one another. It follows at once 
from this that the amount of discord heard by no 
means exclusively depends on the rapidity of the 
beats produced, since the same interval will give 
rise to a very different number of beats per second 
according as it occupies a high or a low position iii 
the scale. Nevertheless this circumstance exerts a 
considerable influence in modifying the intensity of 
the dissonance of given intervals, according to the 
absolute pitch of the tones which form them. Thus 
the beats of a whole tone, which, in low positions, 
are powerful and distinct, become less marked as we 
ascend in the scale, and in its highest portions prac-» 
tically inaudible. Accordingly the beating-distance, 
which, for tones of medium pitch, we have roughly 
fixed at a Minor Third, must be supposed to contract 
somewhat for very high tones, while, for very low 
ones, it correspondingly expands. In consequence 
of this, a difference of relative pitch, which, in the 
lower part of the scale produces beats so slow as not 
perceptibly to interfere with smoothness of imison, 
may, in its higher region cause a harsh dissonance. 
We have here the reason why the ear is more sensi-- 
tive to slight variations of pitch in high than in low 
notes, and why, therefore, greater accuracy in tumngf 

11—3 
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is essential to obtain a good unison effect froiji the 
former, than from the latter. 

The general partial-tone series consists of simple 
tones which, up to the seventh^ are mutually out of 
beating-distance: above the seventh they close in 
rapidly upon each other. In the neighbourhood of 
10, the interval between adjacent partial-tones is 
about a whole tone ; near 16, a semi-tone ; higher in 
the series they come to still closer quarters. These 
high partial-tones axe therefore so situated as to 
produce harsh dissonances with each other. Where 
they are strongly developed in a clang, there will 
therefore be a certain inevitable roughness in its 
timbre. This is the cause of the harsh quality of 
trumpet or trombone notes, and also of the shrill 
tremulous sounds sometimes observed in the human 
voice (p. 133). In fact we may regard all the 
portion of the partial-tone series above the eighth 
tone as contributing mere noise to the clang. Thus 
a noise may, conversely, be regarded as due to 
many simple tones within beating distance of each 
other. 

80. It has been shown that, when two simple 
tones are simultaneously sustained, beats can arise 
directly between them only imder one condition, 
viz. that the tones shall differ in pitch by less than 
a Minor Third, or thereabouts. When, however, the 
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two co-existing sounds axe no longer simple tones, 
but composite clangs, each consisting of a series of 
well developed partial-tones, the case becomes alto- 
gether different. Let us examine the state of things 
which then presents itself. 

The soimds of most musical instruments do not 
contain more than the first six partial-tones ; we 
will, therefore, assimie this to be the case with the 
clangs before us. No beats can then arise between 
partial-tones of the same clang for the reason as- 
signed on p. 164. Dissonance due to beats will, 
however, be produced if a partial-tone belonging 
to one clang is within the specified distance of a 
partial-tone belonging to the other clang. Several 
pairs of tones may be thus situated, and, if so, each 
will contribute its share of roughness to the general 
effect. The intensity of the roughness due to any 
such pair will depend chiefly on the respective 
orders to which the beating partial-tones belong, 
and on the interval between them. The lowest 
partial-tones being the loudest, produce the most 
powerful beats, and half-tone beats are, in general, 
harsher than those of a whole tone. In determining 
the general effect of a combination of two clangs, we 
have to ascertain what pairs of partial-tones come 
within beating-distance, and to estimate the amount 
of roughness due to each pair. The sum^of all these 
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rouglmesses, if there axe several such pairs, or the 
roughness of a single pair if there be but one, conr 
stitutes the dissonance of the combination. * If there 
be nx> dissonance^ the combination is described as 
a perfect concord. When dissonance is present, it 
•will depend on its amount whether the combination 
is called an imperfect concord or a discord. The 
line separating the two must, of course, be somewhat 
arbitrarily drawn. 

81. Let Us examine the principal consonant 
intervals, in the manner above described, b^inning 
with the octave. 



[i^ 






r 



BE 



V — 



-^ 



The minims here represent the fimdamental- 
tones ; the crotchets above them corresponding over- 
tones. Those belonging to the higher clang are 
only written down as far ^ as the third, since the 
fourth, fifth, and siKth have no corresponding tones 
of the lower clang disposable with which to form 
beating pairs. As long as the tuning is perfect 
each partial-tone of the higher clang coincides exactly 
with one belonging to the lower. No dissonance can 
consequently occur, and the combination is a per- 
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feet concord. But, suppose the higher C to be 
out of tune : each of its partial tones will be cor- 
respondingly too sharp or too flat, and three sets of 
beats will be heard between the partial-tones 2 — 1, 
4 — 2, and 6 — 3. When the higher (7 is as much as 
a semi-tone wrong, the result is 




The pair 2 — 1 is of the most importance, and gives 
in each case sixteen heats per second. The two others 
give respectively 32 and 48 beats per second, A 
semi-tone corresponds to about maximum roughness 
in the middle region of the scale, so that we have 
before us an exceedingly harsh discord. As the pitch 
of the higher note is gradually corrected, the rapidity 
of the beats diminishes, but the tuning mtist be 
extremely accurate to make them entirely vanish. 
If the note makes but one vibration per second too 
many, or too few, which corresponds to a difference 
in pitch of only about a thirtieth part of a whole 
tone, the defect of tuning makes itself felt by three 
sets of beats, of 1, 2, and 3 per second respectively. 
The tuni^t must keep slightly altering the pitch 
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until lie at length liits on tliat wMcli completely 
extinguishes the beats. We saw in an earlier part 
of this inquiry (p. 63) that, when two sounds form 
with each other the interval of an octave, their vibra- 
tion-numbers must be in the ratio of 2:1. Long 
after it had been experimentally ascertained that 
rigorous compliance with this arithmetical condi- 
tion was essential for securing a perfectly smooth 
octave, the reason for this necessity remained 
entirely unknown, and nothing but the vaguest 
and most fanciful suggestions were offered to 
accoimt for it — such as, for instance, that "the 
human mind delights in simple numerical relations." 
This attempt at explanation overlooked the obvious 
fact that many people who knew nothing either 
about vibrations or the delights of simple numerical 
relations, could tell a perfect octave from an im- 
perfect one a great deal better than the majority 
of men of science. The true explanation, wHch it 
was left for Helmholtz to discover, lies in the fact, 
that only hy exactly satisfying the assigned nume- 
rical relation, can the partial-tones of the higher 
clang he brought into exact coincidence with partial- 
tones of the lower, and thus all heats and conse- 
quent dissonance prevented. 

82. No narrower interval than an octave can be 
found which gives an absolutely perfect concord* 
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169 



The nearest approach to such a concord is the 
Fifth. 
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Here we get two pairs of coincidences 3 — 2 and 
6 — 4, but a certain roughness is caused by 3 of the 
higher clang being within beating-distance of both 
4 and 5 of the lower clang. The tuning must be 
perfectly accurate, this interval being closely bounded 
by harsh discords. The result of an error of a semi- 
tone is as follows : — 




For every single vibration per second by which 
the higher clang is out, there wiU be two beats per 
second from the pair 3 — 2 with others of greater 
rapidity,, but less intensity, from the higher pairs. 
The result, for the Fifth, is, therefore, that, however 
accurately timed, it involves an appreciable rough- 
ness. It is true that since 4 and 5 are generally 
weak, and the beating intervals are whole tones, 



\ 



170 



FOURTH. 



[VIIL § 83. 



the roughness will be very slight: still the trace of 
dissonance due to it prevents our classing the, Fifth 
as an interval quite equally smooth with the octave. 
83. For the Fourth we have 







The amount of dissonance is greater than in the 
case of the Fifth, since 3 and 2 are usually both 
powerful tones, and produce therefore louder beats 
than those of 4 — 3 and 5 — 3. There are, in addi- 
tion, the beating pairs 6 — 4 and 6 — 5. Moreover 
the first pair of coincident or partial tones, 4 — 3, are, 
in general, weaker than the beating pair below them, 
3 — 2. The Fourth is bounded only on one side by 
a harsh discord. If its upper clang is half a note too 
sharp, we have the interval C — F^y which is treated 
in the last figure but one. Slight flattening of the F 
will set the pair 4—3 beating slowly ; the disappear- 
ance of their beats thus secures the accurate tuning 
of the interval. On the other hand, lowering F 
weakens the beats of 3 — 2, by widening the dis- 
tance between those tones, and, therefore, tends 
jbo lessen the. whole amount of roughness. These 
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considerations go far to explain the fact that a long 
dispute runs through the history of music, as to 
whether the Fourth ought to be treated as a concord 
or as a discord. The decision ultimately arrived at 
in favour of the first of these alternatives was 
perhaps, as Helmholtz suggests, due more to the fact 
that the Fourth is the inversion of the Fifth, than to 
the inherent smoothness of the former interval. 

84. Next come the intervals of the Major Third 
and Major Sixth, which shall be taken together, as 
they are very nearly equally consonant. 
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The dissonance due to the pair 3 — 2, separated by 
a tone in the Sixth, is perhaps, about equal to 
that of the weaker pair 4 — 3, which are only a 
semi-tone apart, in the Third. The definition of 
these intervals depending, as it does (in both) on 
the ffth tone of the lower clang, will in general be 
but feebly marked. 

85. The last remaining intervals, less than an 
octave, which rank as concords, are those of the 
Minor Third and Minor Sixth. 

Each contains strong elements of dissonance; in 
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fact, we are here near the boundary line between con- 
cord and discord. As regards sharpness of definition. 
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the tones 6 and 5, on which it depends in the first 
of the two intervals, are, in the sounds of most 
instruments, weak or even entirely absent, while 
for the second interval the series of partial-tones 
must be extended as far as the 8th of the lower 
clang in order to reach the first coincident pair. 
Accordingly the Minor Sixth can hardly be said to 
be defined at all, for clangs of ordinary quality, by 
coincidence of partial-tones. Its powerful beating 
pair 3 — 2, separated by the interval of greatest 
dissonance, a semi-tone, makes it the roughest of all 
the concords. On the pianoforte, and other instru- 
ments with fixed tones, the same notes {CA b) which 
represent the Minor Sixth have also to do duty as 
one of the harshest discords ^ the Sharp Fifths (C(t|). 
The extremely defective consonance of the Minor 
Sixth could hardly be more conclusively shown than 
by the fact just mentioned. 

86. As regards the dissonant intervals of the 
scale, we have, in addition to those incidentally 
examined above, the semi-tone, tone, and Minor 
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SeventL The first two need not be examined, since 
obviously each pair of corresponding overtones are 
brought within the same beating intervals as the 
two fundamentals. The dissonance resulting is, of 
course, harsher for the half than for the whole tone. 
The Minor Seventh is constituted thus : 




It is the mildest of the discords, in fact, in actual 
smoothness it decidedly surpasses the Minor Sixth. 

87. In order that the reader may see at a glance 
the whole result of this somewhat laborious discussion, 
we subjoin a graphical representation of the amount 
of dissonance contained in the several intervals 
of the scale. The figure is taken, with some slight 
alterations, from that given at p. 519 of Helmholtz's 
work. The intervals, reckoned from (7, are denoted 
by distances measured along the horizontal straight 
line. The dissonance for each interval is represented 
by the vertical distance of the curved line firom the 
corresponding point on the horizontal line. The ca.1- 
culations on which the curve is based were made by 
Helmholtz for two constituent clangs of the quality 
of the violin. For pianoforte sounds the form of 
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the curve would be slightly different; for those of 
stopped organ-pipes, &c. very different indeed. 



:Pig.ii7. 




The figure indicates the sharpness of definition 
of an interval by the steepness with which the curve 
ascends in its vicinity. If we regarded the outline 
as that of a mountain-chain, . the discords would be 
represented by pedkSy and the concords by passes. 
The lowness and narrowness of a particular pass 
would measure the smoothness and definition of the 
corresponding musical interval. 

88. The theory of musical consonance and 
dissonance, our examination of which is now con^ 
eluded, necessarily leads us to regard the distinc- 
tions between different concords laid down by theo- 
retical musicians as not in themselves absolute, but 
dependent on the quality of the sounds experimented 
upon. The results we have arrived at are generally 
true for soimds containing the first six partial-tones, 
but they will not apply, without modification, to 
clangs differently constituted. To take a case or 
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two in point. Suppose, for instance, we are dealing 
with sounds such as those of stopped organ-pipes 
which contain only odd partial-tones (p, 121). It 
is at once clear from p. 169 that the interval of the 
Sharp Fourth C — Fi, which owes its dissonant charac- 
ter to the beating pairs 3 — 2, 4 — 3, and 6 — 4, will 
become something quite different when the disso- 
nance due to all these pairs disappears, as it must do, 
since each of them contains at least one partml-tone 
of an even order. The Minor Sixth would also gain 
in smoothness in such a timbre^ by the removal of the 
loudly discordant pair 3 — 2. 

Helmholtz has examined the case of a hautbois 
taking one note of an interval and a clarionet the 
other, and shown that some concords sound best 
when the former instrument plays the upper note 
and the latter the lower, while with others the 
reverse is the case. The hautbois produces the un- 
interrupted series of partial-tones, the clarionet only 
its odd members. Reference to p. 171 shows that, in 
the case of the Major Third, we can only get rid of the 
dissonant pair 4 — 3 by assigning the higher note to 
the hautbois. The Fourth, on the contrary, will be 
seen, by p. 170, to soimd smoothest when the clarionet 
is above the hautbois, since by this arrangement we 
divorce the quarrelsome couple 3 — 2, whose bicker- 
ings will, in the opposite position, continue to be 
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heard These conclusions, wHch experiment con- 
firms, are, I believe, in advance of any obtained 
empirically by musical theorists. Corresponding 
rules might easily be elicited for other instruments. 

89. It is possible to draw fi:om the general 
theory of consonance and dissonance an inference 
which seems, at first sight, fatal to the truth of 
the theory itself. "If," it may be said, **the 
difierence between a consonant and a dissonant 
interval depends entirely on the behaviour towards 
each other of certain pairs of overtones; then, in 
the case of sounds like those of large stopped flue- 
pipes, where there are no overtones at all, the dis- 
tinction between concords and discords ought en- 
tirely to disappear, and the interval of a Seventh, 
for instance, to sound just as smooth aa that of an 
octave. As this is notoriously not the fact, the theory 
cannot be true." 

In order to meet this objection, it will be necessary 
first to acquaint the reader with certain known expe- 
rimental facts which Helmholtz has dragged out of 
the obscinity in which they had lain for fully a 
century, and forced to deliver their testimony in 
favour of his theory. 

90. Let two timing-forks of different pitch 
mounted on their respective resonance-boxes, and 
therefore producing simple tones, be thrown into 
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powerful vibration by the use of a resined fiddle- 
bow. With adequate attention, it is possible to 
recognize, in addition to the tones of the forks them- 
selves, certain new sounds, which usually differ in 
pitch from hoth the former ones. These tones, 
called, from the manner of their production, comhinor- 
tion-toneSy fall into two classes, with only one of 
which, discovered in 1740 by a German organist 
named Sorge, we need here concern ourselves. It 
consists of a series of tones called combination- 
tones of thejirst, second, third, (&c., orders, of which 
the Jirst is of the most importance, as it can be 
heard without difficulty. Its pitch is determined by 
the following law. The combinatioU'tone of the first 
order of two simple primary'tones has for its vibra^ 
tion-numher the difference between the respective 
vibration-numbers of the primaries. Thus, e.g., 
if the two primaries make 200 and 300 vibrations 
per second, and therefore form a Fifth with each 
other, the first combination-tone will make 100 
vibrations per second, and, accordingly, lie exactly 
one octave below the graver of the two primary 
tones. In this manner we can determine the com- 
bination-tones of the first order for pairs of simple 
prunaries forming any given interval with each other. 
The following table, copied from Hehnholtz's work^ 
T. 12 
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shows the results for all the consonant intervals not 
exceeding one octave. 



IntervaL 


Yibration-ratio. 


Difference. 

1 


Depth of the Combination-tone 
below the graver primary. 


Octave 


1 : 2 




Unison 


Fifth 


2 : 3 




Octave 


Fourth 


3 : 4 




Twelfth 


Major Third 


4 : 5 




Two Octaves 


Minor Third 


5 : 6 




Two Octaves <k Major Third 


Major Sixth 


3 : 5 


2 


Fifth 


Minor Sixth 


5 : 8 


3 


Major Sixth 



In musical notation the same thing stands thus, 
the primaries being denoted by minims, and the 
combination-tones by crotchets. 
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Combmation-tones are produced with remark- 
able distinctness by the barmonium. If the prima- 
ries sbown in tbe treble stave are played on that 
instrument while the presstire of air in the bellows 
is vigorously sustained, the corresponding combina- 
nation-tones of the first order, written in the bass, 
come out with unmistakeable clearness. They are in 
fact much better heard thus than from tuning-forks. 
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Combination-tones of the second order may be 
treated as if they were first-order tones produced 
between one or other of the primaries and the com- 
bination-tone of the first order. Similarly we may 
regard each combination-tone of the third order as due 
to a second-order tone, paired either with one of the 
primaries, with the first-order tone or with its own 
fellow of the second order. Successive subtraction 
will therefore enable us to determine the vibration- 
number of a combination-tone of any order from the 
vibration numbers of the two primaries. 

Combination-tones grow rapidly feebler as their 
order becomes higher. Those of the first order 
are usually distinct enough, and those of the second 
to be heard with a little trouble. The third order is 
only recognizable when entire stillness is secured, 
and the greatest attention paid. It is a moot point 
whether the fourth-order tones can be heard at all, 

91. We can now show that the existence of 
combination-tones prevents intervals formed by two 
simple tones from altogether lacking the characteristic 
differences of consonance and dissonance, though 
those differences are far less marked than in. the 
case of composite soimds. To begin with the. octave. 
Let us suppose that we have two simple tones form- 
ing nearly this interval, but that the higher of then^, 
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is a little sharp, so that the octave is not strictly 
in tune, is in fact slightly impure. Let the lower 
tone make 100, the higher 201, vibrations per second. 
They will give rise to a combination-tone making 101 
vibrations per second (p. 177), and this with the 
lower primary will produce one heat per second. If 
the higher primary had been flat, instead of sharp, 
making, say, 199 vibrations per second, we should 
have had 99, as combination- tone, giving rise, with 
100, to beats of the same rapidity as before. These 
beats cannot be got rid of except by making the 
vibration-ratio exactly 1:2, L e. the octave perfectly 
pure. The roughness must increase both when the 
interval widens and when it contracts, so that the 
octave, in simple tones, is a well-defined concord 
boimded on either side by decided discords. This 
result may be easUy verified experimentally by taking 
two tuning-forks forming an octave with each other, 
and throwing the interval slightly out of time by 
causing a pellet of wax to adhere to a prong of one 
of them. On exciting the forks the beats will be 
distinctly heard. 

The octave is the only interval which is defined 
by the beats of a combination-tone of the first order 
with one of the primary tones. For the next 
smoothest concord, that of the Fifth, we are obliged 
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to have recourse to the second order. Thus, pro- 
ceeding as in the case of the octave, we have 

Primaries 200 301 

C. T. of 1st order . 101 

C. Ts. of 2nd order 99 200 

No. of beats per sec. 2 

The Fifth is, thus, a fairly well-defined consonance, 
though decidedly less sharply bounded than the oc- 
tave, owing to the feebleness of the C. T. of 2nd 
order. For the Fourth we have 

Primaries 300 401 

C. T. of 1st order 101 

C. Ts. of 2nd order 199 300 

C. Ts. of 3rd order 101 202 98 
No. of beats per sec. 3 

The 3rd-order tone being excessively weak, the 
interval of a Fourth can scarcely be said to be de- 
fined at alL Still less can the remaining consonant 
intervals of the scale, by the evanescent beats of still 
higher orders of combination-tones. 

92. With simple-tones, then, the case stands 
thus. The intervals of a Second and a Major-Seventh 
are palpably dissonant, owing to the beats of the 
primaries, in the former, and of a first-order combi- 
nation-tone with a primary, in the latter. There is 
a certain amount of dissonance in intervals slightly 
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narrower or Blightly "wider than a Fifth, but of a 
feebler kind than in the case of the octave, inasmuch 
as it is due to only a second-order combination-tone. 
Whatever dissonance may exist near the Fourth is 
practically imperceptible. All other intervals are 
free from dissonance. AccordiQgly all intervals from 
the Minor Third nearly up to the Fifth, and from a 
little above the Fifth up to the Major Seventh, 
ought to soimd equally smooth. This conclusion is 
probably very inconsistent with the views of musical 
theorists, who regard concord and discord as entirely 
independent of quaHty, but it is strictly borne out by 
experiment. With the tones of tuning-forks the 
intervals lying between the Minor and Major Thirds, 
and between the Minor and Major Sixths, though 
soimding somewhat strange, are entirely free from 
rotlghhess, and, therefore, cannot be described as 
dissonant. As a frirther verification of this fact, 
Helmholtz advises such of his readers as have access 
to an organ to try the effect of playing alternately 
the smoothest concords and the most extreme dis- 
cords wliich the musical scale contains, on stops yield- 
ing only simple-tones, sudi, e.g., as the flute, or 
stopped diapason. The vivid contrasts which such a 
proceeding calls out on instruments of bright timbre, 
like the pianoforte and harmonium, or the more bril- 
liant stops of the organ, such as principal, hautbois. 
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trumpet, &c., are here blurred and eflSiced, and every* 
thbg Bounds dvdl and inanimate, in oons»,«anI 
Nothing can show more decisively than such an 
experiment that the presence of over-tones conferfii 
on music its most characteristic diarms. 

Thus the remark put into the mouth of a sup- 
posed objector in § 89 turns out to be no objection 
whatever to Hehnholtz's theory of consonance and 
dissonance, but, so far as it represents actual facts, 
to be valid against the prevalent views of musical 
theorists. 

93. It may we well to advert briefly, in this 
place, to a point connected with combination-tones 
which may otherwise occur as a difficulty to the 
reader's mind* When two clangs coexist, combina- 
tion-tones are produced between eveiy pair which 
can be formed of a tone from one clang with a tone 
from the other. These intrusive tones will usually 
be very nimaerous, and, for aught that appears, may 
interfere with those originally present, to such an 
extent as to render useless a theory based on the 
presence of partial-tones only. Helmholtz has re- 
moved any such apprehension, by showing that, in 
general, dissonance due to combination-tones produced 
between overtones^ never eodsts except where it is 
already present by virtue of direct action among the 
overtones themselves. Thus the only effect attri- 
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butable to this source is a somewhat increased 
roughness in all intervals except absolutely perfect 
concords. No modifications, therefore, have to be 
introduced, on this score, in the conclusions of 
§§ 81—86, 



CHAPTER IX 



ON CONSONANT TRIADS. 



94. In the ensuing portion of this enquiry we 
shall have to make more frequent use than hitherto 
of vibration-fractions. It may, therefore, be well to 
explain the rules for their employment, in order 
that the student may acquire some facility in hand- 
ling tham. The vibration-facaoa of an aligned 
interval expresses the ratio of the numbers of 
vibrations performed in the same time by the two 
notes which form the interval. The particular 
length of time chosen is a matter of absolute in- 
difference. The upper note of an octave, for instance, 
vibrates twice as often as the lower does in any time 
we choose to select, be it an hour, a minute, a second, 
or a part of a second. It is often convenient to 
determine the vibration-fraction of an interval from 
the vibration-numbers of its constituent notes : in 
such a case we choose one second as oiu* time of 
comparison, and in this way vibration-fractions were 
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defined in § 34 : any other standard is however equally 
legitimate, thougli, in general, less convenient. To 
illustrate these remarks on a particular case, the 
vibration-fraction ^ indicates that, while the lower 
of two notes forming a Major Third makes four 
vibrations, the higher of them makes five. There- 
fore, while the lower makes one vibration, the higher 
makes f ths of a vibration, or 1^ vibrations. Con- 
versely, while the higher note makes one vibration, the 
lower makes f ths of a vibration. The same reason- 
ing being equally applicable to other cases, it follows 
that any fraction greater than unity denotes the 
number of vibrations, and fractions of a vibration, 
made by the higher of two notes forming a certain 
interval, while the lower note is making a single 
'vibration. Similarly, any fraction less than unity 
indicates the proportion of a whole vibration per- 
formed by the lower note, while the upper is making 
one complete vibration. 

The rules for adding and subtracting intervals 
shall next be laid down. 

95. Suppose that, starting from a given note, 
a second note, a Fifth above it, is sounded, and 
then a third note, a Major Third above the second* 
What will be the vibration-fraction of the interval 
formed by the first and third notes, i. e. of the sum 
of a Fifth and a Major Third ? We will, for short-^ 
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ness, call the three notes (1), (2), (3) in order of 
ascending pitch. The vibration-fractions being, for 
(1) — (2), f, and, for 2—3, f, we proceed thus : 

While (2) makes 4 yibrations, (3) makes 5 vibrations. 
Therefore, while (2) makes 1 vibration, (8) makes { vibrations. 
Therefore, whUe (2) makes 3 vibrations, (3) makes 3x| vibrations. 

But while (2) makes 3 vibrations, (1) makes 2 vibrations. 
Therefore, while (1) makes 2 vibrations, (3) makes 3xJ vibrations. 
Therefore, while (1) makes 1 vibration, (3) makes |x J vibrations. 

Our result, then, is the two vihration-numhers 
multiplied together. The reasoning is perfectly ge- 
neral, and gives us the following rule. 

To find the vibration-fraction for the sum of 
two intervals, multiply their separate vibration* 
fractions together. 

96. Next, take the opposite case. Let (2) be 
a Major Third above (1), and (3) a Fifth above (1), 
and let the vibration-fraction for the interval (2) — (3) 
be required. 

While (1) makes 4 vibrations, (2) makes 5 vibrations. 
Therefore, while (1) makes 1 vibration, (2) makes \ vibrations. 
But, while (1) makes 2 vibrations, (3) makes 3 vibrations. 
Therefore, whil^ (1) makes 1 vibration, (3) makes | vibrations. 
Hence, while (2) makes | vibrations, (3) makes | vibrations. 
Therefore, while (2) makes ^ of a vibration, (3) makes |x) of a vibraiUm% 
Therefore, while (2) makes 1 vibration, (3) makes |x| vibraiioiiii« 
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The result here is the quotient resulting from the 
division of the larger vibration-fraction hy the smaller: 
hence we* have this general rule. 

To find the vihrationfraction for the difference of 
two intervals, divide the vibration-fraction of the 
wider by that of the narrower interval. 

Thus multiplication and division of vibration- 
fractions correspond to addition and subtraction of 
intervals^. 

97. One of the simplest cases of our second 
rule occurs when an interval has to be inverted. 
The ' inversion * of any assigned interval narrower 
than an octave is the difference between it and an 
octave, Le. the interval which remains after the 
first has been subtracted from an octave. Thus to 
find the vibration-number for the inversion of the 
Minor Third we merely have to divide 2 by |-, or 
in other words invert the vibration-fraction of the 
interval and multiply by 2. This applies to all cases. 
In the particular example selected, the result is |- ; 
the inversion of the Minor Third is therefore the Major 
Sixth. The relation between an interval and its 
inversion is obviously mutual, so that each may be 

* By simply reducing the numerical results, obtained in §§ 95^ 
96, the student will establish the following propositions : 

* A Major Third added to a Fifth produces a Major Seventh.' 
*A Major Third subtracted from a Fifth leaves a Minor 

Third.' 
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described as the inversion of the other. Accordingly 
the inversion of the Major Sixth is the Minor Third. 
The following table shows the three pairs of con- 
sonant intervals narrower than an octave, which 
stand to each other in the mutual relation of inver- 
sions. 

Minor Third (f)— Major Sixth (f) 
Major Third (|)— Minor Sixth (f ) 
Fourth (D— Fifth (f ) 
The student is advised to verify, by the method 
of p. 188, the fact that each of these intervals is the 
inversion of that placed by its side. 

98. A combination of musical sounds of different 
pitch is called a * chord.' Hitherto we have con- 
sidered only chords of two notes, or ^binary' chords. 
We now go on to chords of three notes, or, as they 
are usually called, ^triads.' A binary chord is, of 
course, consonant if its two notes form a consonant 
interval A triad contains three intervals, one be- 
tween its extreme notes, and one between the middle 
note and e€iu:h of the other two. In order that the 
chord may be free from dissonance, those intervals 
must cdl three be concords. 

99. We may, then, search for consonant triads in 
the following manner. Having selected the lowest 
of the three notes at pleasure, choose two others, each 

of which forms vnth the bottom note a consonant j 

i 
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interval. Next, examine whether the interval formed 
hy the last chosen notes with each other is also a 
concord. If so, the triad itself is consonant* In 
order to determine all the consonant triads within an 
octave above the fixed bottom note, we must assign 
to the middle and top notes every possible consonant 
position with respect to the bottom note, and reject 
all such relative positions as give rise to dissonant 
intervals between those notes themselves. The re- 
maining positions will constitute all the consonant 
triads which have for their lowest note that ori- 
ginally selected. The intervals at our disposal are, | 
for the middle note, from the Minor Third to the 
Minor Sixth, and, for the upper note, from the Major 
Third to the Major Sixth. 

In the annexed table ^ the possible positions of the 
middle note with respect to the bottom note, are shown 
in the left-hand vertical column, the name of each 
interval being accompanied by its vibration-fraction. 
The possible positions of the top note are . similarly 
shown in the highest horizontal column.' Each space 
common to a horizontal and a vertical column con- 
tains the vibration-fraction of the interval formed 
between the simultaneous positions of the middle 
and upper notes named at their extremities. Where 

^ This table is copied with slight modifications from Helm- 
holtzfs work* 
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these intervals are dissonant, their vibration-fractions 
are enclosed in square brackets* When they are 
concords the name of the interval is, in each case, 
appended. 





Major Third Fourth 


Fifth 
1 


Miuor Sixth 
1 


Major Sixth 

5 
■ff 


Minor Third 
f 


l« 


IV 


f 
Major Third 


4 
¥. 

Fourth 


Lv. 


Major Third 
4 




if 


i 
Minor Third 


hf 


4 
T 

Fourth 


Fourth 
4 






9 


Minor Third 


Major Tliird 


Fifth 
1 








rifl 


|v| 


Minor Sixth 

8 
T 










|ti| 



100. The following, then, are all the cases : 



Middle Note. 


Upper Note. 


Minor Third 


Fifth, or Minor Sixth 


Major Third 


Fifth, or Major Sixth 


Fourth 


Minor Sixth, or Major Sixth 
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or, in musical notation, 



ii 



* 



g 



s: 



^ 



* 



-tOl 



■:§-- 



i 



s 



They give us two groups of three major, and 
three minor, triads, which may be arranged thus : 

fFifth. . , |Minor Sixth. ("Major Sixth. 

^^^ iMajor Third ^ ' JMinor Third ^^' iFourth. 

fFifth. /mP^J"^ ^^*^- \ (^Man<>^ Sixth. 

^"MMinor Third. ^HMajor Third ^"^HFourth. 

101. Instead of defining our six consonant 

triads, as we have done, by the intervals formed by 

their middle and top notes with the bottom note, 

we may define them by the intervals separating the 

middle from the bottom note, and the top from the 

middle note. In order to make this change we have, 
in each case, a process of subtraction of intervals to 

perform. Thus the difference between a Fifth and a 
Major Third is f x f , i e. f , or a Minor Third. 

Proceeding in this way, we find that the top and 
middle notes are separated by the following in- 
tervals : 



(a) 



{h) 



Minor Third Fourth 



(0) 



Major Third 



W 



Major Third 



03) 



Fourth 



(7) 



Minor Third 
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Hence we may write our two groups as follows : 

. fMinor Third. rFourth. J Major Third. 

^"^^ (Major Third. ^ fMinor Thh:d. ^^^ iFourtL 

. ^ rMajor Third. rFourth. , ,. fMinor Third* 

^""^ [Minor Third. ^ ^Major Third. ^^ ' iFourth. 

It will now be easy to show that the triads of 
each group are very closely connected together. 
Take (a), and let us form another triad from it, by 
causing its bottom note to ascend one octave, the 
other two remaining where they were. The middle 
will then become the bottom note, the top the middle 
note, and the octave of the former bottom note the 
top note. Hence the lower interval of the new 
triad will be the upper interval of the old one, i.e. a 
Minor Third. The upper interval of the new triad 
will necessarily be the inversion of the interval which 
separated the extreme notes of the old triad. This 
interval is a Fifth [see (a), p. 192], and its inversion, 
by the table on p. 189, is a Fourth. Hence the new 

triad is <_ _. mi . W which is identical with (6'). 
iMinor Thu-d,] ^ ^ 

If we modify (6') in the same way, the new 

interval is the inversion of the Minor Sixth, i. e. 

the Major Third, and the resulting triad, viz. 

Major Third) .... 

Fourth I ^ identical with (c). This triad, when 

T. 13 
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similarly treated, brings us back to (a ), and tbe cycle 
of changes is complete. By an extension of the 
word inversion/ it is usual to call the triads (6') 
and (c') the Jirst and second inversions of the triad 

(a-). 

Exactly similar relations hold between the mem- 

bers of the second group of triads : {^) and {y) 
are, accordingly, caUed the first and second inver-^ 
sions of the triad (a). The proof is exactly like 
that just given, and will be easily supplied by the 
reader. 

102. If we choose C as the bottom note of (a') 
and (a'), the major and minor groups will be ex- 
pressed in musical notation by 

i: 




--g- 



1=1 and m^^^^^^m 



(a) (6') {e') («) (yS) W) 

They may also be defined in the language of 
Thorough Bass, which refers every chord to its lowest 
note, in accordance with the mode adopted in (a), (6), 
(c) ; (a), (/3), (y). Thus the triads (a'), (6'), (c') would 
be indicated by the figures I, I, | respectively, and 
so ivould the triads (a) ()8') (y ) ; the differences be- 
tween Minor and Major Thirds and Sixths being left 
to be indicated by the key-signature. 

The positions (a) and (a ) are regarded as the 
fundamental ones of each group, (6') {c) and ()8') (y') 



i 
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being treated as derived from them respectively by 
inversion. 

103. The fundamental triads bear the name of 
their lowest notes, thus (a') and (a') are called 
respectively the major and minor common-chords 

of a 

The remaining members of each group are not 
named after their own lowest note, but after that 
of their fundamental inversion ; thus (6') (c') and 
OS') (y ) are respectively major and minor common-* 
chords of C in their first and second inversions. 

The reason of this, as far as the major group 
is concerned, follows, directly from Helmholtz's 
theory of consonance and dissonance. The notes of 
the triads (a ), (6'), {c) are all coincident with indivi- 
dual overtones of a clang whose fundamental-tone 



W. 



is the low (7, • '^^=A for (a') and (6'), and the octave 

above that note for (c ) : hence they may be regarded 
as forming a part of the clang of a C-sound, and 
therefore each triad may be appropriately called by 
its name. "With the Minor triads this is not so com- 
pletely true, because the JE I^ in (a ), (^}, {y) is not 
coincident with an overtone of (7. The other two 
notes, however, are in each case leading partial-tones 
of the clang of C,. and therefore these triads belong 
at any rate more to C than to any other note, 

13—2 
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Common-cliords of more than three constituent 
sounds can only be formed by adding to the con- 
sonant triads notes which are exact octaves above or 
below those of the triads. 

104. The marked distinction existing, for every 
musical ear, between the bright open character of 
major, and the gloomy veiled effect of minor chords, 
is attributed by Helmholtz to the different way in 
which combination-tones enter in the two cases. 
The positions of the first-order combination-tones, for 
each of the six consonant triads, are shown in 
crotchets in the appended stave, the primaries being 
indicated by minims. Each interval gives rise to its 
own combination-tone, but, in the cases of the funda- 
mental position and second inversion of the C-Major 
triad, two combination-tones happen to coincide. The 
reader will at once notice that in the major group 
no note extraneous to the harmony is brought in by 
the combination-tones. In the minor group this is 
no longer the case. The fimdamental position, and 
the first inversion, of the triad, both bring in an 
A b, which is foreign to the harmony, and the second 
inversion involves an additional extraneous note, B K 
The position of these adventitious soimds is not such 
as to produce dissonance, for which they are too far 
apart from each other and from the notes of the 
triad; but they cloud the transparency of the bar- 
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mony, and so give rise to the effects characteristic of 
the minor mode. 



i 



s 



^^=« 



FF=t 



■z — f 



t 




te 



Be3 



^ ^F=^- 



:d: 



« 



^ 



The unsatisfying character of Minor, compared 
with Major, triads, comes out with peculiar distinct- 
ness on the harmonium ; as indeed, from the powerful 
combination-tones of that instrument, we should 
naturally have anticipated. 



CHAPTER X. 

ON PURE INTONATION AND TEMPERAMENT. 

105. The vibration-fractions of the intervals 
formed by the successive notes of the Major scale 
with the toniCi are, including the octave of the tonic, 
these : 

f> h 5> 1> f> h V > ^• 
The intervals between successive notes of the scale 
are determined by dividing each of these fractions 
by that which precedes it. Thus the consecutive 
intervals of the Major scale come out as follows : 

CDJSFGABC 

. I y if I V I if 

Only three different intervals are obtained. | is 
slightly wider than ^ ; ^ decidedly narrower than 
the other two. f and \p are called whole tones, 
^ a half-tone or semi-tone, though, strictly speak- 
ing, two intervals of this width added together 
somewhat exceed the greater of the two whole 
tones ; since if x i| or |4f is to | in the ratio of 
2048 to 2025. 
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Suppose we had a keyed instrument containing 
a number of octaves, each divided into seven notes, 
forming the ordinary scale as above : any music 
could be played on it which did not introduce 
notes foreign to the key of C Major. But now, 
suppose we wanted to be able to play in another 
Major key as well as in that of C, for instance G. 
It would be necessary for this purpose to introduce 
two new notes in every octave of the key-board. If 
G is the new tonic, A wiU not serve as the second 
of its scale, because the step between tonic and 
second is, not ^, but -I- Hence we must have a 
fresh note lying between A and B. Further, F 
will not do for the seventh of the scale of (?, as it 
is separated from G by f , instead of -Jrf . This 
necessitates a second additional note lying between 
F and G. If we take, as our original octave, that 
from middle- (7 upwards, we have the following' 
vibration-numbers : 

C D E F G A B C 

264 297 330 352 396 440 495 528 
The new notes, being respectively •§• above, and 
\^ below G, have for their vibration-numbers f x 396 
and J|- X 396, i.e. 445^ and 371 J. The other notes of 
the scale of G Major can be supplied from that of 
C Major. Hence these two scales are closely con- 
nected with each other. Another key nearly related 
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to the key of C is that oiF. Ilg Fourth is | x 352, 
or 469^, which falls between A and B. Its Major 
Sixth is I" X 352, or 586f , which is clearly not an 
exact octave of any note between C and (J. The cor- 
responding note in our octave, found by. division by 
2, is 293^, which comes between C and D. Thus, 
two more new notes in the octave must be introduced, 
to make the key of F major attainable. 

106. In order that the reader may see, at a 
glance, the variety of sounds which are requisite 
to supply complete Major scales for the seven 
keys of (7, D, E^ F, G, A and B, the vibration- 
numbers for aU iiie notes of these scales are cal-^ 
culated out and exhibited in the following table. 

Reducing those notes which lie beyond the 



Tonic 

» 


Second 


Major Third 


Fourth 


Fifth 


Major Sixth 


Majur 
Seventh 


C, 264 


297 


330 

• 


352 


396 


440 


495 


P, 297 


334J 


37U 


396 


445J 


495 


5561 


E, 330 


37U 


412J 


440 


495 


550 


G18i 


F, 362 


396 


440 


469J 


528 


586f 


660 


G, 396 


445J 


495 


528 


594 


660 


742J 


A, 440 


495 


550 


586S 


660 


733J 


825 


B, 495 


556| 


6181 


• 

660 


742J 

< 


825 


928S 
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octave, by dividing them by 2, and arranging the 
results in order of magnitude, we have twelve notes 
foreign to the scale of C Major, the positions of 
which, with reference to the notes of that scale, are 
as follows : 

C, 275, 27%^, 293J, A 309|, E, 334^, F, 366|, 371^, 
G, 412i, 417i, A, 445i, 464^^, 469-J, B. 
107- K it is desired to be able to play in the 
Minor mode of each of the seven keys, as well as 
in the Major ^ additional notes will be called for. 
Each scale must contain three Minor intervals, viz. 
Minor Third, Minor Sixth, and Minor Seventh. 
The following subsidiary table exhibits the vibration- 
numbers of the sounds forming these intervals with 
the successive key-notes. 



Tonic 


Minor Third 


Minor Sixth 


Minor Seventh 


C, 264 


316* 


422? 


469J 


D, 297 


366f 


475J 


528 


E, 330 


396 


528 


586f 


F, 352 


422? 


56SJ 


625J 


G, 396 


475i 


633i 


704 


A, 440 


528 


704 


782* 


B, 495 


.594 


792 


880 
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Reducing these to one octave, as before, we find 
Beven notes not included in the previous list, oc- 
cupying the following positions : , 
'C 281f, Z>, 312|, 316f, E, F, 356f, 39l|, G, 422f, 

A, 4751 B. 

108. Hence, to play perfectly in tune in both 
Major and Minor modes of the seven keys (7, Z>, E, 
F, G, A^ By it is necessary to have a key-board 
with twenty-six notes in every octave. This number, 
large as it is, by no means includes all necessary 
notes. Modem music is written in sharp and flat 
keys, i. e. in such whose tonics are not coincident 
with any one of the notes CDE.**B. Moreover, the 
sharp and flat key-notes are different from each 
other. Thus GTr, being a Major Third above E, is, 
as the first table shows, 412^ ; while ^b is seen, by 
the second table, to be 422f , which is a somewhat 
shaiper note. As the seven keys which have been 
already examined require 26 notes in the octave, 
we may anticipate that the ten additional sharp 
and flat keys will bring in a still larger number. 
It is needless to institute a detailed enquiry into 
these scales, but, after what he has already seen, 
the student will feel no surprise when he learns that 
a competent authority^, who has examined the 

* Mr A. J. Ellis, Proceedings of the Royal Society, VoL xhl 
p. 98, , 
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subject most minutely in reference both to melodic 
and harmonic requisites, fixes 72 notes in the oc- 
tave as the number essential to theoretically com- 
plete command over all the keys used in modertf 
music* 

109. Without, however, assuming this resulty 
the facts we have already ourselves established are 
amply suflScient to show how serious are the imper- 
fections of tune which inevitably beset instruments 
with fixed tones, such as the pianoforte^ harmo- 
nium and organ, containing only twelve notes in 
each octave. Pure intonation in the * natural ' key^ 
alone, L e. those whose tonics are white notes on the 
board, demands, as has been seen, more than twice 
this number of available sounds; and many more 
still,, if the keys with tonics on the black notes are 
to be included* Perfect tuning in all the keys 
being entirely out of the question, a compromise of 
some kind is the o>nly' possible course. Thus we' 
may tune a single key, say (7, perfectly ; in which 
case most of the other keys will be so out of tune 
as to be unbea,rable. Or again, we may distribute 
the errors over certain often-used keys, and accumu- 
late them in others which are of less frequent oc- 
currence. 

Expedients of this kind are described as* modes 
of * tempering,' and the system adopted in tuning^ 
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any particular instrument is called its ' temperament.' 
A vast number of different methods of tempering 
have been proposed and tried during the history of 
the organ aad pianoforte. 

110. That wHcli has at last been abnost tmiver* 
sally adopted is the system of equal temperament. 
It consists in dividing each octave into twelve pre- 
cisely equal intervals. Each of these intervals is 
called a semi-tone, and any two of them together a 
whole tone. 

The octave of which C, 264, is the lowest note, 
will contain, on the equal temperament system, the 
following sounds. The vibration-numbers are given 
true to the nearest integer. When a note is slightly 
sharper than that so indicated, this is shown by 
the sign + attached to the vibration-number in ques- 
tion ; when slightly flatter, by the sign -. For the 
sake of comparison, the perfect intervals of the same 
scale are written below the tempered ones. 

C, Cjf. D, D|. E, F, ^. G. G|. A, A|, B 
264, 280-, 296+, 8U-, 833-, S52+, 378+, 395+, 419 + .444-, 470+, 496+ 

C, D, Eb, B, F, G, Ab, A, Bb. B 

264, 297, 817-, 830, 862, 896, 422+, 440, 469+, 491^ 

It IS clear that the regions of the tempered scale 
where the timing is the most imperfect, are in the 
neighbourhood of the Thirds and Sixths. E and A 
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are nearly three vibrations per second too sharp. 
The Fourth and Fifth are less out of tune, in fact 
only wrong by a fraction of a vibration per second. 

111. The intervals of the tempered scale are so 
nearly equal to those of the perfect scale, that, when 
the notes of the former are sounded successively, it re- 
quires a delicate ear to recognize the defective charac- 
ter of the tuning. When, however, more than one note 
is heard at a time, the case becomes quite different. 
We saw in Chapter viii. how rigorously accurate the 
tuning of a consonant interval must be, to secure the 
greatest smoothness of which it is capable. It was 
^ also shown that such intervals are generally very 
closely bounded by harsh discords. Now since, in 
the system of equal temperament, no interval except 
that of the octave is accurately in tune, it follows 
that every representative of a concord, in its scale, 
must be less smooth than it would be were the 
tuning perfect. One of the greatest charms of 
music, and especially of modem music, lies in the 
vivid contrast presented by consonant and dissonant 
chords in close juxtaposition. Temperament, by im- 
pairing, even though but slightly, the perfection of 
the concords, necessarily somewhat weakens this 
contrast, and takes the edge off the musical pleasure 
which, in the hands of a great composer, it is capa- 
ble of giving us. A fact already once adverted to 
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(p. 172) may be again adduced here, as illustrating the 
effect of temperament in blurring distinctions of con- 
sonance and dissonance, viz. that on the key-board 
of the pianoforte, the same two notes which represent 
C A^y which is a concord, though not a very smooth 
one, also appear in (7— G^t, which is a decided discord. 
A reference to § 108 will show that, with perfect 
tuning, G\ and A)^ are different notes having vibra- 
tion-numbers in the proportion of 412-J- to 422-|. 

One of the readiest ways of recognizing the de- 
fective character of equal temperament tuning is, 
first, allow a few accurate voices to sing a series 
of sustained chords in three or four parts, without 
accompaniment, and then, after noticing the effect, 
to let them repeat the phrase whUe the parts are 
at the same time played on the pianoforte. The 
sour character of the concords of the accompanying 
instrument will be at once decisively manifested. 
Voices are able to sing perfect intervals, and their 
clear transparent concords contrast with the duller 
substitutes provided by the pianoforte in a way 
obvious to every moderately acute ear. 

112. Since the voice is endowed with the power 
of producing all possible shades of pitch within its 
compass, and thus of singing absolutely pure inter-, 
vals, it is clear that we ought to make the most of 
this great gift, and especially in the case of those 
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persons who axe to be public singers, allow, during 
the years of preparation, no contact save with the 
purest examples of intonation. Unfortunately the 
practice of most singing-masters is the very reverse 
of this. The pupil is systematically accompanied, 
during vocal practice, on the pianoforte, and thus 
accustomed to habitual familiarity with intervals 
which are never strictly in tune. No one can doubt 
the tendency of such constant association to impair 
the sensitiveness to minute differences of pitch on 
which delicacy of musical perception depends. Evil 
communications are not less corrupting to goo<J 
ears than to good manners. I feel convinced that we 
have here the reason why so comparatively few of our 
trained vocalists, whether amateurs or professionals, 
are able to sing perfectly in tune. The untutored 
voice of a child who has never undergone the ear- 
spoiling process, often gives more pleasure by the 
natural purity of its intonation, than the vocalization 
of an opera-singer who cannot keep in tune. The 
remedy is to practise without accompaniment, or 
with that of an instrument like the violin^, which is 
not tied down to a few fixed sounds. Even with the 

^ That a violinist can play pure intervals has been established 
by Professor Helmholtz by the following decisive experiment, 
performed with the aid of Herr Joachim. A harmonium was 
employed which had been tuned so as to give pure intervals witli 
certain stops and keys ; and tempered intervals with others, ^ 
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pianoforte something might be done, by having it, 
when intended to be used only in assisting vocal 
praxjticfe, put into perfect tune in one single key, and 
using that key only. 

The services of such an instrument would, no 
doubt, be comparatively very restricted, but this 
might not be without a corresponding advantage, if 
the vocalist were thereby compelled to rely a little 
more on his own unaided ear, lay aside his corks, and 
swim out boldly into the ocean of Sound. 

113. The musical notation in ordinary use evi- 
dently takes for granted a scale consisting of a 
limited number of fixed sounds. Moreover, it indi- 
cates, directly, absolute pitch, and, only indirectly, 
relative pitch. In order to ascertain the interval 
between any two notes on the stave, we must 
go through a little calculation, involving the clef, 
the key-signature, and, perhaps, in addition, * acci- 
dentar sharps or flats. Now these are complica- 
tions, which, if necessary for pianoforte music, are 
perfectly gratuitous in the case of vocal music. The 
voice wants only to be told on what note to begin, 
and what intervals to sing afterwards, i. e. it is con- 
string having been tuned in unison with a common tonic of both 
systems, it was found that the intervals played by the eminent 
violinist agreed with those of the natural, not with those of the 
tempered scale. 
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cerned with absolute pitch only at its starts and needs 
to be troubled with it no further. Hence, to place 
the ordinary notation before a child who is to be 
taught to sing, is like presenting him with a manual 
for learning to dance, compiled on the theory that 
human feet can only move in twelve different ways. 
Not only does the established notation encumber the 
vocalist with information which he does not want ; 
it fails to communicate the one special piece of infor-^ 
mation which he c^oe^ want. It is essential to reaUy 
good music that every note^ heard should stand in a 
definite relationship to its tonic or key-note. Now, 
there is nothing in the established notation to mark 
clearly and directly what this relation ought, in each 
case, to be. Unless the vocalist, besides his own 
*part,' is provided with that of the accompaniment, 
and possesses some knowledge of Harmony, he can- 
not ascertain how the notes set down for him are 
related to the key-note and to each other. The 
extreme inconvenience of this must have become 
painfully evident to any one who has frequently simg 
concerted music from a single part. 

A Bass, we will suppose, after leaving off on -F|, 
is directed to rest thirteen bars, and then come in 
fortissimo on his high E^. It is impossible for him 
to keep the absolute pitch of -F# in his head during 
this long interval, which is perhaps occupied by 

T. 14 
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the other . voices in modulating into some remote 
key ; and his part vouchsafes no indication in what 
relation the E^ stands to the notes, or chords, im- 
mediately preceding it. There remains, then, nothing 
for him to do but to sing, at a ventiire, some note 
at the top of his voice, in the hope that it may 
prove to be -ET^, though with considerable dread, in 
the opposite event, of the conspicuous ignominy of 
a fortissimo blunder. 

The essential requisite for a system of vocal 
notation, therefore, is that, whenever it specifies any 
soimd, it shall indicate, in a direct and simple 
manner, the relation in which that sound stands to 
its tonic for the time being. A method by which 
this criterion is very completely satisfied shall now 
be briefly described. 

114. The old Italian singing-masters denoted 
the seven notes of the Major scale, reckoned from 
the key-note upwards, by the syllables 

do, re, mi, fa, sol, la, si, 
pronounced, of course, in the continental fashion. 
As long as a melody moves only in the Major mode, 
without modulation, it clearly admits of being written 
down, as far as relations of pitch only are concerned, 
by the use of these syllables. The opening phrase 
of * Eule Britannia,' for instance, would stand thus : 

do, do, do, re, mi, fa, sol, do, re, re^ mi, fit, mi 
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In order to abridge the notation, we may indi- 
cate each syllable by its initial consonant. The 
ambiguity which would thus arise between sol and 
d is got rid of by altering the latter syllable into ti. 
In order to distinguish a note from those oi the 
same name in the adjacent octaves above and below 
it, an accent is added, either above or below the 
corresponding initial Thus df is an octave above d ; 
d^ an octave below d. 

Where a modulation, L e, a change of tonic, 
occiH's, it is shown in the following manner, A note 
necessarily stands in a two-fold relation to the out- 
going and the in-coming tonic. The interval it forms 
with the new tonic is different from that which it 
formed with the old ona Each of these intervals 
can be denoted by a suitable syllable-initial, and 
the displacement of one of these initials by the 
other, represents in the aptest manner the super- 
session of the old by the new tonic. The old initial 
is written above and to the left of the new one. 
Thus y indicates that the note re is to be sung^ but 
its name changed to fa. As this is a somewhat 
difficult point a few modulations are appended, ex- 
pressed both in the established notation, and in that 
now under consideration. The instances selected are, 
from C to G; from C to F; from E to C; from G 

14—2 
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Immediately after a modulation, the ordiiiaiy syl- 
lable-initials come into use again, and are employed 
until a fresh modulation occurs. It will be seen 
at once, that the difficulty of ' remote keys,' which 
is so serious in the established notation, thus alto- 
gether disappears. For instance, a vocal phrase from 
Spohr's *Last Judgment,' which in the established 
notation is as follows. 






takes, in the notation before us, the perfectly simple 
form, 

slt\d'mfs\sfllls\fm. 

As another example, take the following, from the 
same work. 
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115. The system of notation, of which a cursory 
sketch has just been given, originated, it is said, 
with two Norwich ladies named Glover, but has 
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received its present form at the hands of Mr J. 
Curwen, to whom it also owes the name of * Tonic 
Sol-Fa,' by which it is now so widely known. As 
it is no part of the plan of the present work to go 
into technical details, only so much has been said 
about Mr Curwen's system as was necessary to 
enable the reader to grasp its essential principle. 
No mention has been made of the notation for 
Minor and Chromatic intervals, nor of that for de- 
noting the relations of time by measures appealing 
directly to the eye, instead of by mere symbols. On 
these and all other points connected with his system, 
Mr Curwen's published works on Tonic Sol-Fa give 
fuU and thoroughly lucid and intelligible explana- 
tions. Mr Curwen has also created a very extensive 
literature of the best vocal music, printed in his own 
notation ; given a most remarkable impulse to choral 
singing; and established a system of graded cer- 
tificates examinations, guaranteeing the attainment, 
by their holders, of corresponding stages of musical 
cultivation. 

I have enjoyed some opportunities of watching 
the progress of beginners taught on the old system, 
and on that of the Tonic Sol-Fa, and assert^ with^ 
out the slightest hesitation, that, as an instrument 
of vocal training, the new system is enormously, 
overwhelmingly, superior to the old* In fact, I am 
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prepared to maintain that the complicated repulsive- 
ness of the pitch-notation, in the old system, must 
be held responsible for the humiliating fact that, of 
the large number of musically well-endowed persons 
of the opulent classes who have undergone at school 
an eL.Wte i^^nental and vc«a. Lining, con.- 
paiatively few are able to pky, and rtfll fewer to 
sing, even the very simplest music at sight. Set an 
average young lady to accompany a ballad, or to 
ring a psalm-tune she haa never seen before, and we 
all know what the result is likely to be. Now, there 
is no more inherent difficulty in teaching a child' 
with a fairly good ear to sing at sight, than there is 
in making him read ordinary print at sight. A 
vocalist who can only^ sing a few elaborately pre- 
pared songs ought to be regarded as on a level with 
a school-boy who should be unable to read except 
out of his own book. If evidence be wanted to 
make good this assertion, it is at once to hand in 
the fact that the youngest children, when well 
trained on the Tonic Sol-Fa system, soon obtain a 
power of steady and accurate sight-singing, and 
will even tell you whether a new tune pleases them 
or not, after merely glancing through it, without 
uttering a note. 

The reader will please to observe that the above 
remarks are strictly limited to the achievements of 
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the Tonic Sol-Fa system in teaching singing. I 
express no opinion as to the applicability of its nota- 
tion to instrumental music, nor do I wish to maintain 
that even in the vocal branch it has arrived at abso- 
lute perfection. On the contrary, I am doubtful 
whether its time-notation, when applied to very com- 
plicated rhythmic divisions, does not become more 
difficult than the system in ordinary use, and I con- 
sider the notation adopted for the Minor mode to be 
capable of decided improvement. On the main point, 
however, viz. the decisive superiority of its pitch- 
notation over that of the established system, and the 
vitally important consequences as to purity of into- 
nation which necessarily follow from this superiority, 
I desire to express the most confident and \mcompro- 
mising opinion. 

116. in closing the enquiry which occupies the 
preceding chapters, it will be advisable to' examine, 
very concisely, the bearing of our principal result, 
the theory of consonance and dissonance, on the 
aesthetics of music. Dissonance was shown to arise 
from rapid beats, and the concords were classed in 
order, according to their more or less complete free- 
dom from dissonance; the octave coming first, fol- 
lowed by the Fifth, Fourth, Major Third and Sixth, 
and Minor Third and Sixth. This classification was 
strictly ^%^caZ, depending exclusively on smooth- 
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ness of combined effect. On its own ground, tliere- 
fore, it is absolutely unassailable, and whoeyer saysj 
for instance, that a Major Third is a smoother con- 
cord than a Fifth or octave, asserts what is ad 
demonstrably Mse as that the moon goes roimd the 
earth in an exact circle. Nevertheless, it by no 
means necessarily follows that the smoothest con- 
cords must be the most gratifying to the ear. There 
may be some other property of an interval which 
gives us greater satisfaction than mere consonance. 
Assuming, for the moment, that such a property 
does in fact exist, the ear, if called on to arrange the 
consonant intervals in the order of their pleasantness^ 
might very well bring out a different arrangement 
from that adopted by physical science on grounds of 
smoothness alone. ^Esthetic considerations come in 
here, with the same right. to be heard as mechanical 
considerations have within their own domain, 

117. Now unquestionably the ear's order of merit 
is not the same as the mechanical order^ It places 
Thirds and Sixths first, then the Fourth and Fifth, 
and the octave last of all. The constant appearance 
of Thirds and Sixths in two-part music, compared 
with the infrequent employment of the remaining 
concords, leaves no doubt on this point. In fex* 
these intervals have a peculiar richness and perma^ 
nent charm about them, not possessed by the Fourth 
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or Fifth to anytliing like the same extent, and by 
the octave not at all. 

The thin eflTect of the octave undoubtedly de- 
pends on the fact that every partial-tone of the 
higher of two clangs forming that interval, com- 
cides exactly with a partial-tone of the lower clang. 
Thus no new sound is introduced by the higher 
dang ; the quality of that previously heard is merely 
modified by the alteration of relative intensity 
among the constituent partial-tones. Major and 
Minor Thirds bring in a greater variety of pitch in 
the resulting mass of sound than does the Fifth ; but 
this can hardly be said of the Major and Minor 
Sixths compared with the Fourth. On the whole, I 
am inclined to attribute the predilection of the ear 
for Thirds and Sixths, over the other concords, to 
circumstances ^connected with its perception of hey- 
relationSy though I am not able to give a satisfactory 
account of them. The ear enjoys, in alternation 
with consonant chords, dissonances of so harsh a 
description as to be barely endurable when sustained 
by themselvea This constitutes a marked distinc- 
tion between it and the other organs of sense. A 
stench is not improved by alternating with the most 
fragrant odours, nor nauseous food rendered palatable 
when . administered at intervals between the most 
delicious plats. A kick remains a kick, even though 
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it be preceded and followed by caresses ; and repulsive 
Mdeousness forms no welcome .element in pictorial 
or plastic art. As instances of the kind of discords 
in which, the ear can find delight, take the following. 
The chord marked * should in each case be played 
first by itself y and then in the place assigned to it by 
the composer. The eflTect of the isolated discord is 
so intensely harsh, that it is at first difficult to under- 
stand how any preceding and succeeding concords 
can make it at all tolerable; yet the sequence, in 
both the phrases cited, is of the rarest beauty. 
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Considerations such as those just alleged tend to 
show that, while physical science is absolutely au- 
thoritative in all that relates to the constitution of 
musical sounds, and the smoothness of their combi* 
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nations, the composer's direct perception of what is 
musically beautiful must mainly direct him in the 
employment of his materials. It would be a serious 
error to force upon him a number of rules planned, on 
scientific principles, to secure the maximum smooth- 
ness of eflTect ; since mere smoothness is often a mat- 
ter of extremely secondary importance, compared 
with grandeur of harmony, and masterly movement 
of parts. The nature of the subject may sometimes 
call for a mode of treatment needing exceptional 
smoothness. In such a case the rules may become of 
considerable importance. It is weU, therefore, that 
a composer should know and be able to handle them, 
but he should never allow them to fetter his freedom 
in wielding the higher and more spiritual weapons of 
his warfare. 
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Baker (Sir Samuel W.)— -Works by Sir Samuel Baker,. 
M.A., F.R.G.S. :— 

THE ALBERT N'YANZA Great Basin of the NUe, and Explora- 
tion of the Nile Sources. Third and Cheaper Edition. Maps and 
Illustrations. Crown 8vo. 6j. 

^^ Bruce won the source of the Blue Nile; Speke and Grant won the 
Victoria source of the great White Nile; and I have been permitted to 
succeed in completing the Nile Sources by the discovery of the great 
reservoir of the equatorial waters^ the Albert Nyanza, from which the 
river issues as the entire White Nile.^"* — Preface. ''As a Macau lay 
arose among the historians^^^ says the Reader, ''so a Baker has arisen 
among the explorers J*^ " Charmingly 7uritten;^* says the Spectator, 
"fullf as might be expected^ of incideftt, and free from that wearisome 
reiteration of useless facts which is the drawback to almost all books of 
African travel, ^'^ 

THE NILE TRIBUTARIES OF ABYSSINIA, and tlie Sword 
Hunters of the Hamran Arabs. With Maps and Illustrations. 
Fourth and Cheaper Edition. Crown 8vo. 6x. 
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Sir Samuel Baker here describes twelve months'* exploration^ during 
which he examined the rivers that are tributary to the Nile from Abyssinia^ 
including the Atbara, Settite, Royan^ Salaam^ Angrab, Rahad, Dinder^ 
and the Blue Nile, The interest attached to these portions of Africa differs 
entirely from that of the White Nile reigions, as the whole of Upper Egypt 
and Abyssinia is capable of development, and is inhabited by races having 
some degree of civilization; while Central Africa is peopled by a race of 
sewages y whose future is more problenuUical, The Times says : ** It solves 
finally a geographical riddle which hitherto had been extremely perplexing, 
and it adds much to our information respecting Egyptian Abyssinia and 
the different races that spread over it. It contains, moreover, some notable 
instances of English daring and enterprising skill ; it abounds in ani^ 
mated tales of exploits dear to the heart of the British sportsman; and it 
will attract even the lec^ studious reader, as the author tells a story well, 
and can describe nature with uncommon power ." 

Barante (M. De). — SeeGvizoT, 

Baring-Gould (Rev. S., M.A.) — LEGENDS OF OLD 

TESTAMENT CHARACTERS, from the Talmud and other 
sources. By the Rev. S. Baring-Gould, M.A., Author of 
** Curious Myths of the Middle Ages," ** The Origin and Develop- 
ment of Religious Belief," " In Exitu Israel,'* &c In Two Vols. 
Crown 8vo. idr. Vol. I. Adam to Abraham. Vol. II. Mel- 
chizedek to Zechariah. 

Mr, Baring-Gould* s previous contributions to the History of Mythology 
And the formation of a science of comparative religion are admitted to be 
of high importance; the present work, it is believed, will be found t0 
le of equal value. He has collected from the Talmud and other sources, 
Jewish and Mohammedan, a large number of curious and interesting 
legends concerning the principal char cuter s of ^e Old Testament, com" 
paring these frequently with similar legends current among many of the 
peoples, savage and civilized, all over the world. ** These volumes contain 
much that is very strange, and, to the ordinary English recuier, very 
nomeV^ — Daily News. 

Barker (Lady). — See also Belles Lettres Catalogue. 

STATION LIFE IN NEW ZEALAND. By Lady Barker. 
Second and Cheaper Edition. Globe 8to. y, 6d, 
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TTiese letters are the exact account of a lady's experience of the brighter 
and less practical side of colonization. They record the expeditions^ ad' 
ventures, and emergencies diversifying the daily life of the wife of a New 
Zealand sheep fanner ; and, as each was written while the novelty and 
excitement of the scenes it describes were fresh upon her, they may succeed 
in giving here in England an adequate impression of the delight and free- 
dom 0/ an existence so far removed from our own highly -wrought civiliza- 
tion, **We have never read a more truthful or a pleasanter little book, " — 

AXHENiEUM. 

Bernard, St. — See Morison. 

Blanford (W. T.)— GEOLOGY AND ZOOLOGY OF 
ABYSSINIA. By W. T. Blanford. 8vo. 2Ij. 

This work contains an account of the Geological and Zoological 
Observations made by the author in Abyssinia, when accompanying the 
British Army on its march to Magdala and back in 1868, and during a 
short journey in Northern Abyssinia, after the departure of the troops. 
Parti, Personal Narrative; Part II, Geology; Part IIL Zoology, 
With Coloured Illustrations and Geological Map, ** The result of his 
labours, the Academy says, *Us an important contribution to thk 
natural history of the country." 

Bryce.— THE HOLY ROMAN EMPIRE. By James Bryce, 
D.C.L., Regiiils Professor of Civil Law, Oxford. New and Re- 
vised Edition. \ Crown 8vo. *js, 6d, 

r 

TJie object of this treatise is not so much to give a narrative history of 
the countries include^n the Romano-Germanic Empire — Italy during the 
Middle Ages, Germany from theninth century to the nineteenth — as to describe 
the Holy Empire itself as an institution or system, the wonderful offspring 
of a body of beliefs and traditions which have almost wholly passed away 
from the world. To make such a description intelligible it has appeared 
best to give the booh the form rather of a narrative than of a dissertation ; 
and to combine with an exposition of what may be called the theory of the 
Empire an outliiu of the political history of Germany, as well as some 
notice of the affairs of mediaeval Italy. Nothing else so directly linked the 
old world to the new as the Roman Empire, which exercised over the minds of 
men an influence such as its material strength could never have commanded. 
It is of this influence^ atui the causes that gave it power, that the present 
w$rk is desigfted to treat, ^^ It exactly supplies a want: it affords a key 
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to much which men read of in their books as isolated facts ^ but of which they 
have hitherto had no connected exposition set before them. We know of no 
writer who has so thoroughly grasped the real nature of the medurvcU 
Empircy and its relations alike to earlier and to later times" — Saturday 
Review. 

Burke (Edmund). — See Morley (John). 

Cameos from English lUistory^—See Yonge (Miss). 

Chatterton. — See Wilson (Daniel). 

Cooper. — ATHENiE CANTABRIGIENSES. By Charles 
Henry Cooper, F.S.A., and Thompson Cooper, F.S.A. 
Vol. I. 8vo., 1500—85, i8j. ; Vol. II., 1586— 1609, i8j. 

• 

TTiis elaborate work^ which is dedicated by permission to Lord Macaulay^ 
contains lives of the eminent meft sent forth by Cambridge^ after the 
fashion of Anthony d fVood, in his famous "Athena Oxonienses" 

Cox (G. v., M.A.)— RECOLLECTIONS OF OXFORD. 
By G. V. Cox, M.A., New College, late Esquire Bedel and 
Coroner in the University of Oxford. Cheaper Edition, Crown Svo. 

**y4« amusing farrago of anecdotCy and will pleasantly recall in many 
a country parsonage the memory of youthful days." — Times. ** Those 
who wish to make acquaintance with the Oxford of their grandfathers, 
and to keep up the intercourse with Alma Mater during their father^ s time, 
even to the latest novelties in fashion or learning of the present day, will do 
well to procure this pleasant^ unpretending little volmne." — Atlas. 

** Daily News/'— the daily news correspond- 
ence of the War between Germany and France, 1870 — i. Edited 
with Notes and Comments. New Edition. Complete in One 
Volume. With Maps and Plans. Crown 8vo. 6j. 

This Correspondence has been translated into German, In a Preface 
the Editor says: — 

** Among the varwus pictures, recitals, and descriptions which have 
appeared, both of our gloriously ended national war as a whole, and ofUi 
several episodes, vfe think that in laying before the German public, through 
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a translatioftf thefollcnving War Letters which appeared first in the'D A.11.Y 
News, and were afterwards published collectively , we are offering them a 
picture of the events of the war of a quite peculiar character. These com- 
munications have the advantage of being at once entertaining and instruc' 
tivCy free from every romantic embellishment^ and nevertheless written 
in a vein intelligible and not fatiguing to the general reader. The writers 
linger over events, and do not disdain to surround the great and heroic 
war-pictures with arabesques, gay and grave, taken from camp-life and 
the life of the inhabitants of the occupied territory. A feature which 
distinguishes these Letters from all other delineations of the war is that they 
do not proceed from a single pen, but were written from the camps of both 
belligerents.^^ ** These notes and comments^^ according to the Saturday 
Review, " are in reality a very well executed and continuous history." 

Dilke.— GREATER BRITAIN. A Record of Travel in EngHsh- 
speaking Countries during 1866-7. (America, Australia, India.) 
By Sir Charles Wentworth Dilke, M.P. Sixth Edition. 
Crown 8vo. 6j. 

" Mr. Dilke," says the Saturday Review, ** has written a book which 
is probably as well worth reading as any book of the same aims and 
character that ever was written. Its merits are that it is written in a 
lively and agreeable style, that it implies a great deal of physical pluck, 
that no page of it fails to show an acute and highly intelligent observer, 
that it stimulates the imagination as well as the pidgment of the reader, 
and that^ it is on perhaps the most interesting subject that can attract an 
Englishman who cares about his country." ^^ Many of the subjects dis- 
cussed in these pages" says the Daily News, ** are of the widest interest, 
and such as no man who cares for thejuture of his race and of the world 
can afford to treat with indifference. * 

Durer (Albrecht). — HISTORY OF THE LIFE OF AL- 
BRECHT DURER, of Numberg. With a Translation of his 
Letters and Journal, and some account of his Works. By Mrs. 
Charles Heaton. Royal 8vo. bevelled boards, extra gilt. 31J. 6d, 

This work contains about Thirty Illustrations, ten of which are produce 
tiofis by the Autotype [carbon) process, and are printed in pertnanent tints 
by Messrs. Cundall and Fleming, under licence from the Autotype Com* 
pany. Limited; the rest are Photographs and Woodcuts, 
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Elliott.— LIFE OF HENRY VENN ELLIOTT, of Brighton. 
By JosiAH Bateman, M.A., Author of "Life of Daniel Wilson, 
Bishop of Calcutta," &c. With Portrait, engraved by Jeens. 
Extra fcap. 8vo. Third and Cheaper Edition, with Appendix. 6s, 



CI 



A very charming piece of religious biography; no one can read it 
without both pleasure and projfU.^^-^BKvnsn Quarterly Review. 



European History, Nanrated in a Series of Historical 
Selections from the best Authorities. Edited and arranged by 
E. M. Sewell and C. M. Yonge. First Series, crown 8vo. 6s, ; 
Second Series, 1088-1228, crown 8vo. 6s, Second Edition. 

^ U^en young children have acquired the outlines of history from abridg" 
ments and catechisms, and it becomes desirable to give a more enlarged 
view of the subject, in order to render it really useful and interesting, a 
difficulty often arises as to the choice of books, Tkvo courses are open, either 
to take a general and consequently dry history of facts, such as Russell* s 
Modern Europe, or to choose some work treating of a particular period or 
subject, such as the works of Macaulay and Froude, The former course 
usually renders history uninteresting; the latter is unsatisfactory, because 
it is not sufficiently comprehensive. To remedy this difficulty, selections, 
continuous and chronological, have in the present volume been taken from 
the larger works of Freeman, Milman, Palgrave, Lingard, Hume, and 
others, which may serve as distinct landmarks of historical reading, 
" We know of scarcely anything,** says the Guardian, of this volume, 
**vjhich is so likely to raise to a higher level the average standard of English 
education,*'' 



Fairfax (Lord).— a life of the great lord fair. 

FAX, Commander-in-Chief of the Army of the Parliament of 
England. By Clements R. Markham, F.S.A. With Portraits^ 
Maps, Plans, and Illustrations. Demy 8vo. idr. 

' No full Life of the great Parliamentary Commander has appedred ;^ 
and it is here sought to produce one — based upon careful research in con^ 
temporary records iind upon family and other documents, " Ifigkiy- 
useful to the careful student of the History of the Civil War, , . . /Vv^ 
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bably as a military chronicle Mr, MarkhanCs book is one oj the mostfuU 
and accurate that we possess about the Civil War." — Fortnightly 
Review. 

Faraday.— MICHAEL FARADAY. 3y J. H. Gladstone, 
Ph.D., r.R.S. Second Edition, with Portrait ei^graved by Jeens 
from a photograph by J. Watkins. Crown 8vo. 4J. (>d. 

Contents :— /. The Story of his Life. JI. Study of his Character. 
III. Fruits of his Experience. IV. His Method of Working. V. The 
Value of his Discoveries. — Supplementary Portraits. Appendices : — List 
of Honorary Fellowships, etc, 

* * Faraday needed a popular biography. A man so simple and so pure, 
as well as so strong in intellect, so dbsdlutely\devoted to saenceforits own 
sake alone, so utterly indifferent to wealth and social distinction, so keen 
in his appreciation of the hard facts of sensation, and yet so permecUed with 
& sense of the supra-sensual and spiritual, ought to be widely andfamiliarly 
known to the world at large; and Dr. Glctdston^s book is excellently 
adapted to this result.^* — Guardian.^ 

Field (E. W.)— EDWIN WILKINS field, a Memoriai 
Sketch. By Thomas Sadler, Ph. D. With a Portrait Crown 
8vo. 4J. td, 

Mr, Field was well known during his life-time not only as an eminent 
lawyer and a strenuous and successful advocate of law reform, hut, both 
in England and America, cts a man of wide and thorough culture, varied 
tastes, large-heartedness, and lofty aims. His sudden death was looked 
upon as a public loss, and it is expected that this brief Memoir will be 
acceptable to a large number besides the many friends at whose request 
it has been written, 

Forbes.— LIFE and letters of james david 

FORBES, F.R.S., late Principal of the United College in the 
University of St. Andrews. By J. C. Shairp, LL.D., Principal 
of the United College in the University of St. Andrews ; P. G. 
Tait, M.A., Professor of Natural Philosophy in the University 
of Edinburgh; and A. Adams-Reilly, F.R.G.S. 8vo. witji 
Portraits, Map, and Illustrations, i6j-. 
^^ Not only a biography that all should read, but a scientific treaiitf^ 

without which the shelves of no physidsfs library can be dee»ud com* 

^/^ "—Standard. 
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Freeman. — Works by Edward A. Freeman, M.A., D.C.L. r — 

**That special power over a subject which conscientious and pctHent 
research can only achieve, a strong grasp offacts, a true mastery over 
detaily with a clear and manly style — all these qualities join to tnmJke 
the Historian of the Conquest conspicuous in the intellectual arena,** — 
Academy. 

HISTORY OF FEDERAL GOVERNMENT, from the Foun- 
dation of the Achaian League to the Disruption of the United 
States. VoL I. General Introduction. History of the Greek 
Federations. 8vo. 2ij. 

Mr, Freeman^ s aim, in this elaborate and valuable work, is not so 
mtuh to discuss the abstract nature of Federal Government, as to exhibit 
its actual working in ages and countries widely removed from one another. 
Four Federal Commonwealths stand out, in four different ages of the worlds 
cu commanding above all others the attention of students of political history^ 
viz, the Achaian League, the Swiss Cantotts, the United Provinces, the 
United States. The first volume, besides containing a General Introduc' 
tion, treats of the first of these. In writing this volume the author has 
endeavoured to combine a text which may be instructive and interesting to 
any thoughtful reader, whether specially learned or not, with notes which 
may satisfy the requirements of the most exacting scholar, ** The task 
Mr, Freeman has undertaken,** the SATURDAY REVIEW J^xyj, **w one 
9f great magnitude and importance. It is also a task of an almost 
entirely novel character. No other work professing to give the history of 
a political principle occurs to us, except the slight contributions to the 
hittory of representative government that is contaifted in a course of 
M, Guizot^ s lectures .... TJu history of the development of a principle 
is at least as important as the history of a dynasty, or of a race,** 

OLD ENGLISH HISTORV. ^\i\i Five Coloured Maps, Second 
Edition. Extra fcap. 8vo., half-bound. 6^. 

^^ Its object" the Preface says, "is to show that clear, accurcUe, and 
scientific views of history, or indeed of any subject, may be easily given to 
children from the very first, , , , I have throughout striven to connect the 
history of England with the general history of civilized Europe, and I have 
especially tried to make the book serve as an incentive to a more accurate 
study of historic geography." The rapid sale of the first edition and the 
universal approval with which the work has been received prove the correct- 
ness of the author's notions, and show that for such a book there was ample 



\ 
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Freeman (E. K.)^continued. 

room. The work is suited not only Tor children, but will serve as an 
excellent text-book for older students, a clear and faithful summary of the 
history of the period for those who wish to revive their historical know- 
ledge, and a book full of charms for the general reader. The work is 
preceded by a complete chronological Table, and appended is an exhaustive 
•and useful Index, In the present edition the whole has been carefully revised, 
and such improvements cts suggested themselves have been introduced, 
" 77ie book indeed is full oj instruction and interest to students of all 
-ages, and fu must be a well-informed man indeed who will not rise from 
its perusal with clearer and m0re accurate ideas of a too much neglected 
portion of English history, ^^ — Spectator. 

HISTORY OF THE CATHEDRAL CHURCH OF WELLS, 
as illustrating the History of the Cathedral Churches of the Old 
Foundation. Crown 8vo. y, 6d, 

" / have here," the author says, "tried to trecU the history of the 
Church of Wells as a contribution to the general history of the Churcfi 
and Kingdom of England, and specially to the history of Catftedral 
Churches of the Old Foundation, , . . I wish to point out the genei'al 
principles of the original founders as the model to which the Old Foun- 
dations should be brought back, and the New Foundations reformed after 
their pattern," ** The history assumes in Mr. FreemarCs hands a signi- 
ficance, and, we may add, a practical value as suggestive of what a cathe- 
dral ought to be, which make it well worthy of mention," — Spectator. 

HISTORICAL ESSAYS. Second Edition. 8vo. loy. 6d, 

The principle on which these Essays have been chosen is that 
of selecting papers which refer to comparcUvvdy modern times, or-, at 
least, to the existing states and nations of Europe, By a sort of accident 
/I number of the pieces chosen have thrown themselves into something like 
/I continuous series bearing on the historical causes of the s;reat events of 
1870 — 71. Notes have been culded whenever they seemed to be called for ; 
and whenever he could gain in cu:curacy of statement or in force or clear- 
ness of expression, the author has jreely changed, added to, or left out, 
what he originally wrote. To many of the Essays has been added a short 
note of the circumstances uftder which they were Tvritten, It is needless to 
say that any product of Mr, Freeman* s pen is worthy of attentive perusal ; 
and it is believed that the contents of this volume will throw light on 
several subjects of great historical importance and the widest interest. 
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The following is a list of the subjects: — I, The Mythical and Romantic 
Elements in Early English History ; 2. The Continuity of English 
History ; 3. The Relations between the Crowns of England atid Scotland ; 
4. Saint Thomas of Canterbury and his Biographers ; 5. The Reign of 
Edward the Third ; (), The Holy Roman Empire ; 7. The Franks and 
the Gauls ; 8. The Early Sieges of Paris ; 9. Frederick the Firsts King 
oj Italy ; 10. The Emperor Frederick the Second ; 11, Charles the Bold ; 
12. Presidential Government, ^^ He never touches a question without 
adding to our comprehension of it, without leaving the impression of an 
amitle knowledge^ a righteous purpose, a clear and powerful under' 
standing"— Saturday Review. 

A SECOND SERIES OF HISTORICAL ESSAYS. 8vo. 
lOs. 6d, 

These Essays chiefly relate to earlier periods of history than those 
which were dealt with in the former volume — to the times commonly known 
as ** Ancient "or** Classical. " All the papers have been carefully remsed^ 
and the author has found himself able to do very much in the way of 
improving and simplifying the style, TTie Essays are: — ** Ancient 
Greece andMediaval Italy : " **Mr, Gladstonis Homer and the Homeric 
Ages:" *'The Historians of Athens:" *' The Athenian Democracy:^* 
** Alexander the Great:" ** Greece during the Macedonian Period :^^ 
^* Mommsen*s History of Rome:" "Lucius Cornelius Sulla:" ** TVke 
Flavian Ccesars" 

THE GROWTH OF THE ENGLISH CONSTITUTION 
FROM THE EARLIEST TIMES. Crown 8vo. 5^. Second 
Edition, revised. 

The three Chapters of which this work consists are an expansion of two 
Lectures delivered by Mr, Freeman ; appended are copious notes, the whole 
book forming 'a graphic and interesting sketch of the history of the British 
Constitution, from an original point of view. The author shows that the 
characteristic eletnents of the British Constitution are common to the whole 
of the Aryan nations. His *^ object hcu been to show that the earliest 
institutions of England and of other Teutonic lands are not mere matters 
Of curious speculation, but matters closely connected with our present politi- 
cal being. I wish to show" he says, **that, in many things, our earliest 
institutions come more nearly home to us, and that they have more in common 
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Freeman (E. A.)— continued. 

with our present political state, than the institutions of intermediate ages 
7vhich at first sight seem to have much more in common with our own,*^ 
He attempts to shew that ** freedom is everywhere older than bondage,^'' 
** toleration than intolerance." 

THE UNITY OF HISTORY. The "Rede" Lecture 
delivered in the Senate House, before the University of Cam- 
bridge, on Friday, May 24th, 1872. Crown 8vo. 2^. 

GENERAL SKETCH OF EUROPEAN HISTORY. Being 
Vol. I. of a Historical Course for Schools edited by E. A. 
Freeman. i8mo. 3^. 6d. Second Edition. 

The present volume is miant to be introductory to the whole course. It 
is intended to give, as its name implies, a general sketch of the history of 
the civilized world, that is, of Europe, and of the lands which have drawn 
their civilization from Europe. Its object is to trace out the general rela- 
tions of different periods and different countries to one another, without 
going minutely into the affairs of any particular country. This is an 
object of the first importance, for, without clear notions of general history, 
the history of particular countries can never be rightly understood. The 
narrative extends from the earliest movements of the Aryan peoples, down 
to the latest events both on the Eastern and Western Continents. The 
book consists of seventeen moderately sized chapters, each chapter being 
divided into a number of short numbered paragraphs, each with a title 
prefixed clearly indicative of the subject of the paragraph. ** It supplies 
the great want of a good foundation for historical teaching. The scheme 
is an excellent one, and this instalment has been executed in away that 
promises much for the volumes that are yet to appear," — Educational 
Times. 

Galileo. — ^THE private life of GALILEO. Compiled 
principally from his Correspondence and that of his eldest 
daughter. Sister Maria Celeste, Nun in the Franciscan Convent of 
S. Matthew in Arcetri. With Portrait. Crown 8vo. 7^. 6^. 

It has been the endeavour of the compiler to place before the reader a 
plain, ungarbled statement of facts ; and, as a means to this end, to allow 
Galileo, his friends, and his judges to speak for themselves as far as possible. 
All the best authorities have been made use of, and all the materials which 
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TAts little volume is full of interesting details about Mendelssohn from 
his twelfth year onwards^ and especially of his intimate and frequent in- 
tercourse with Goethe. It is an episode of Wiemar^s golden days which we 
see before us — old age and fame hand in hand with youth in its aspiring 
efforts ; the aged poet fondling the curls of the little musician and calling 
to him in playful and endearing accents " to make a little noise for him^ 
and awaken the winged spirits that have so long lain slumbering." Here 
ivill be found letters and reports of conversations between the two, touching 
on all subjects, human and divine — Music , ^Esthetics, Art, Poetry, Science, 
Morals, and ^Uhe profound and ancient problem of human life," as well 
as reminiscences of celebrated men with whom the great composer came in 
contact. The letters appended give, among other matters, some interesting 
glimpses into the private life of Her Majesty Queen Victoria and the late 
Prince Albert. The two well-executed engravings show Mendelssohn as a 
beautiful boy of twelve years. 

GuizOt. — M. DE BARANTE, a Memoir, Biographical and Auto- 
biographical. By M. GuizoT. Translated by the Author of 
"John Halifax, Gentleman." Crown 8vo. ds. 6d. 

*' It is scarcely necessary to write a preface to this book. Its lifelike, 
portrait of a true and great man, painted unconsciously by himself in his 
litters and autobiography, and retouched and completed by the tender hand 
of his surviving friend — the friend of a lifetime — is sure, I think, to be 
appreciated in England as it was in France, where it appeared in the 
Revue de Deux Mondes. Also, I believe every thoughtful mind will 
enjoy its clear reflections of French and European politics and history for 
the last seventy years, and the curious light thus thrown upon many present 
events and combinations of circumstances. " — Preface. ** The highest 
purposes of both history and biography are answered by a memoir so life- 
like, so faithful, and so philosophical." — British Quarterly Review. 
'** This eloquent memoir, which for tenderness, gracefulness, and vigour, 
might be placed on the same shelf with Tacitus' Life of Agricola» . . . Mrs. 
Craik has rendered the language of Guizot in her own sweet translucent 
English."— T>MLX NEWS. 

Hole.— A GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE. By the Rev. C. Hole, 
M.A., Trinity College, Cambridge. On Sheet, \s. 

The different families are printed in distinguishing colours, thus facili' 
tating reference. 
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Hozier (H. M.) — ^Works by Captain Henry M. Hozier, 
late Assistant Military Secretary to Lord Napier of Magdala. 

THE SEVEN WEEKS' WAR ; Its Antecedents and Incidents. 
New and Cheaper Edition, With New Preface, Maps, and Plans. 
Crown 8vo. ds. 

This account of the brief but momentous Austro- Prussian War of 1866 
<laims consideration as being the product of an eye-witness of some of its 
most interesting incidents. The author has attetnpted to ascertain and 
to advance facts. Two maps are given^ one illustrating the opera- 
tiotis of the Army of the Maine^ and the other the operations front 
Koniggrdtz, In the Prefatory Chapter to this edition^ events resulting 
from the war of 1866 are set forthy and the current of European history 
traced down to' the recent Franco-Prussian war^ a natural consequence 
of the war whose history is narrated in this volume, ^^ Mr, Hozier 
added to the knowledge of military operations and of languages^ . which 
he had proved himself to possess, a ready and skilful pen, and eX' 
cellent faculties of observation and description, . . , All thai Mr, 
Hozier saw of the great events of the war — and he saw a large share 
of them — he describes in clear and vivid language,^* — Saturday 
Review. *^ Mr, Hozier' s volumes deserve to take a permanent place 
in the literature of the Seven Weeks' War," — Pall Mall Gazette. 

THE BRITISH EXPEDITION TO ABYSSINIA. CompUed 
from Authentic Documents. 8vo. gs. 

Several accounts of the British Expedition have been publis/ied. 
They have, however, been written by those who have not had access to those 
authentic documents, which cannot be collected directly after the termination 
of a campaign. The endeavour of the author of this sketch has been to 
present to readers a succinct and impartial account of an enterprise which 
has rarely been equalled in the annals of war, " This" says the 
Spectator, ^^will be the account of the Abyssinian Expedition for 
professional reference, if not for professional reading. Its literary 
merits are really very great," 

THE INVASIONS OF ENGLAND. A History of the Past, 
with Lessons for the Future. [/« the press. 
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Hughes. — MEMOIR OF A BROTHER. By Thomas Hughes, 
M.P., Author of "Tom Brown's School Days." With Portrait of 
George Hughes, after Watts. Engraved by Jeens. Crown 
8vo. 5^". Fourth Edition. 

** T7ie boy who can read this book without deriving from it some addi- 
tional impulse towards honourable^ manly ^ and independent conduct^ has 
no good stuff in him, . . . While boys at school may be bewildered by 
various' conflicting theories of the characters of the great Englishmen whom 
they have been taught to admire or to hate, here^ in the guise oj the simplest 
and the most modest of country gentlemen, they may find an exemplar 
7vhich they cannot do better than copy^ — Daily News. 

* * We have read it with the deepest gratification and with real admi- 
ration. " — Standard. 

"7>4<f biography throughout is replete with interest,''^ — MORNING 
Post. 

Huyshe (Captain G. L.)— THE RED RIVER EXPE- 
DITION.* By Captain G. L.' Huyshe, Rifle Brigade, late on 
the Staff of Colonel Sir Garnet Wolseley. With Maps. 8vo. 
loj". dd. 

This account has been written in the hope of directing attention 
to the successful accomplishment of an expedition which was attended with 
more than ordinary difficulties. The author has had access to the official 
documents of the Expedition, and has also availed himself of the reports on 
the line of rotite publis/ied by Mr, Dawson, C,E,^ and by the Typogro' 
phical Department of the War Office, The statements made may therefore 
be relied on as accurate and impartial. The endeavour has been made to 
avoid tiring the general reader with dry details of military movements^ and 
yet not to sacrifice the character of the work as an account of a military 
expedition. The volume contains a portrait of President Louis Kiel, and 
Maps of the route. Ty^^ Athenaeum calls it ^^ an enduring authentic 
record of one of the most creditable achievements ever accomplished by the 
British Army," 

Irving.— THE ANNALS OF OUR TIME. A Diurnal of Events, 
Social and Political, Home and Foreign, from the Accession of 
Queen Victoria to the Peace of Versailles. By Joseph Irving. 
Third Edition. 8vo. half-bound. l6j. 
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Every occurrence, metropolitan or provincial, home or foreign^ whick 
gave rise to public excitement or discussion, or became the starting point for 
new trains of thought affecting our social life, has been judged proper matter 
for this volume. In the proceedings of Parliament, an endeavour has 
been made to notice all those Debates which were either rei7iarkable as 
affecting the fate of parties, or led to important changes in our relations 
with Foreign Powers, Brief notices have been given of the death of all 
noteworthy persons. Though the events are set down day by day in their 
order of occurrence, the book is, in its way, the history of an important 
and well-defined historic cycle. In these *^ Annals,** the ordinary reader 
may make himself acquainted with the history of his own time in a way 
that has at least the merit of simplicity and readiness ; the more cultivated 
student will doubtless be thankful for the opportunity given him of passing 
down the historic stream undisturbed by any other theoretical or party 
feeling than what he himself has at hand to explain the philosophy of our 
national story, A complete and useful Index is appended. The Table 
of Administrations is designed to assist the reader in following the various 
political changes noticed in their chronological order in the ^^ Annals,** — 
In the new edition all errors and omissions have been rectified, 300 pages 
been added, and as many as 46 occupied by an impartial exhibition of the 
wonderful series of events marking the latter half of \%*jo, ** We 
have before us a trusty and ready guide to the events of the past thirty 
years, available equally for the statesman, the politician, the public 
writer, and the general reader. If Mr. Irving' s object has been to bring 
before the reader all the most noteworthy occurrences which have happened 
since the beginning of her Majesty's reign, he may justly claim the credit 
of having done so most briefly, succinctly, and simply, and in such a 
manner, too, as to furnish him with the details necessary in each case to 
comprehend the event of which he is in search in an intelligent manner** 
— Times. 

Kingsley (Charles). — Works by the Rev. Charles Kingsley, 
M.A., Rector of Eversley and Canon of Westminster. (For 
other Works by the same Author, see Theological and Belles 
Lettres Catalogues.) 

ON THE ANCIEN RlfcOIME as it existed on the Continent before 
the French Revolution. Three Lectures delivered at the 
Royal Institution. Crown 8vo. 6j. 
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Kingsley (Charles). — continued. 

These three lectures discuss severally (i) Caste^ (2) Centralization, (3) 
The Explosive Forces by which the Revolution 7vas superinduced. The 
Preface deals at some length with certain political questions of the present 
day. 



AT LAST : A CHRISTMAS in the WEST INDIES. With nearly 
Fifty Illustrations. New and Cheaper Edition. Crown 8vo. ds, 

Mr, Kingsley' s dream of forty years was at last fulfilled^ when he 
started on a Christmas expedition to the West Indies, for the purpose of 
becoming personally acquainted with the scenes which he has so vividly 
described in " Westward Ho!" These two volumes are the journal of his 
voyage. Records of natural history, sketches of tropical landscape, chapters 
on education, views of society, all find their place in a work written, so to 
say, under the inspiration of Sir Walter Raleigh and the other adventurous 
men who three hundred years ago disputed against Philip II. the possession 
of the Spanish Main. ** We can only say that Mr, Kingsley^ s account of 
a * Christmas in the West Indies * is in every way worthy to be classed 
among his happiest productions," — Standard. 

THE ROMAN AND THE TEUTON. A Series of Lectures 
delivered before the University of Cambridge. 8vo. I2j. 

Contents: — Inaugural Lecture ; The Forest Children ; The Dying 
Empire; The Human Deluge ; The Gothic Crvilizer ; Dietriches End; The 
Nemesis of the Goths ; Paulus Diaconus ; The Clergy and the Heathen ; 
The Monk a Civilizer ; The Lombard Laws ; The Popes and the Lombards ;- 
The Strategy of Providence, "He has rendered," says the Noncon- 
formist, **good service and shed a new lustre on the chair of Modem 
History at Cambridge .... He has thrown a charm around the work 
by the marvellous fascinations of his own genius, brought out in strong 
relief those great principles of which all history is a revelation, lighted 
up many dark and almost unknown spots, and stimulated the desire to 
understand more thoroughly one of the greatest movements in the story of 
humanity," 

PLAYS AND PURITANS, and other Historical Essays. With 
Portrait of Sir Walter Raleigh. Crown 8vo. Sj. 

B 
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Kingsley (Charles). — continued. 

In addition to the Essay mentioned in the title^ this volume contains 
other two — one on ^^ Sir Walter Raleigh and his Time" and one on 
Froud^s ** History of England*^ — all three contributed to the North 
British Review. Mr. Kingsley hcLs already shown how intimate is 
his knowledge of the times on which all three essays touch, 

Kingsley (Henry, F.R.G.S.) — For other Works by same 
Author, see Belles Lettres Catalogue. 

TALES OF OLD TRAVEL. Re-narrated by Henry Kingsley, 
F. R.G. S. With Eight Illustrations by HuARD. Fourth Edition. 
Crown 8vo. dr. 

In this volume Mr, Henry Kingsley re-narrates ^ at the same time 
preserving much of the quaintness of the original^ some of the most fasci" 
noting tales of travel contained in the collections ofHakluyt and others. The 
Contents are— Marco Polo; The Shipwreck of Pelsart; The Wonderful 
Adventures of Andrew Battel; The Wanderings of a Capuchin; Peter 
Carder; TTie Preservation of the " Terra Nova ;^* Spitzbergen; ITErme' 
nonvill^s Acclimatization Adventure; The Old Slave Trade ; Miles Philips ; 
The Sufferings of Robert Everard ; John Fox; Alvaro Nunez; TheFoun' 
datton of an Empire, ** We knew no better book for those who want 
knowledge or seek to refresh it. As for the * sensational,* most novels are 
tame compared with these narratives^ — Athenaeum. *^ Exactly the 
hook to interest and to do good to intelligent and high-spirited boys,** — 
Literary Churchman. 

Labouchere.— DIARY of the besieged resident 

IN PARIS. Reprinted from the Daily News, with several New 
Letters and Preface. By Henry Labouchere. Third Edition, 
Crown 8vo. 6x, 

** The * Diary of a Besieged Resident in Paris * will certainly form one 
of the most remarkable records of a momentous episode in history,** — SPEC- 
TATOR. ** There is an entire absence of affectation in this writer which 
vastly commends him to us,** — Pall Mall Gazette. ** On the whote^ 
it does not seem likely that the * besieged * will be superseded in his self^ 
assumed function by any subsequent chronicler." — British Quarterlt 
Review. ** Very smartly written,** — Vanity Fair. 
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Macmillan (Rev. Hugh) . — For other Works by same Author, 
se^ Theological and Scientific Catalogues. 

HOLIDAYS ON HIGH LANDS ; or, Rambles and Incidents in 
search of Alpine Plants. Second Edition, revised. Crown 8vo. 
cloth. 6s, 

T^g aim of this book is to impart a generalidea of the origin, character , 
and distribution of those rare and beautiful Alpine plants which occur on 
ike British hills, and which are found almost everywhere on the lofty 
mountain chains of Europe, Asia, Africa, and America, The informa^ 
tion the author has to give is conveyed in untechnical language, in a 
setting of personal adventure, and associated with descriptions of the 
natural scenery and the peculiarities of the human life in the midst of which 
the plants were found. By this method the subject is made interesting to 
a very large class of readers, ^^ Botanical knowledge is blended with a 
love of nature, a pious enthusiasm, and a rich felicity of diction not to be 
met with in any works of kindred character, if we except those of Hugh 
Miller, ^"^ — Telegraph. **J/r. M.'s glowing pictures of Scandinavian 
scenery,^"* — Saturday Review. 

Martin (Frederick).— the STATESMAN'S YEAR-BOOK r 

See p. 42 of this Catalogue. 

Martineau.— BIOGRAPHICAL sketches, 1852— 1868. 

By Harriet Martineau. Third and Cheaper Edition, with 
New Preface. Crown 8vo. 6^. 

A Collection of Memoirs under these several sections: — (i) Royal, (2) 
Politicians, (3) Professional, (4) Scientific, (5) Social, (6) Literary, These 
Memoirs appeared originally in the columns of the Daily News. " Miss 
Martineau^ s large literary powers and her fine intellectual training make 
these little sketches more instructive, and cottstitute them more genuinely 
works of art, than many more ambitious and diffuse biographies,** — 
Fortnightly Review. **Each memoir is a complete digest of a 
c^ebrcUed life, illuminated by the flood of searching light which streame 
from the gaze of an acute but liberal mind,** — Morning Star. 

MaSSOn (David).— For other Works by same Author, see Philo- 
sophical and Belles Lettres Catalogues. 

B 2 
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MaSSOn iJ^Z.V\d)— continued. 

LIFE OF JOHN MILTON. Narrated in connection with the 

Political, Ecclesiastical, and Literary History of his Time. By 

David Masson, M.A., LL.D., Professor of Rhetoric and English 

Literature in the University of Edinburgh. Vol. I. with Portraits. 

8vo. i&f. Vol. IL, 1638— 1643. 8vo. i6j. Vol. IIL in the 

press. 

This work is not only a Biography ^ but also a continuous Political^ 

Ecclesiastical f and Literary History of England through Milton* s whoU 

time. In order to understand Milton^ his position^ his motives^ his 

thoughts by himself his public words to his countrymen^ and the probabU 

effect of those words, it was necessary to refer largely to the History of his 

Time, not only as it is presented in well-known books , but as it had to be 

rediscovered by express and laborious investigation in original and forgotten 

records: thus of the Biography y a History grew: not a mere popular 

compilation^ but a work of independent search and method from first to 

last^ which has cost more labour by far than the Biography, The second 

volume is so arranged that the reader may select or omit either the History 

or Biography: The North British Review, speaking of the first 

volume of this work said, * * The Life of Milton is here written once for 

alV The Nonconformist, in noticing the second volume, says, ** Its 

literary excellence entitles it to take its place in the first ranks of our 

literature, while the whole style of its execution marks it as the only book 

that has done anything like adequate justice to one of the great masters of our 

language, and one of our truest patriots, as well as our greatest epic poet, ** 

Mayor (J. E. B.)— WORKS Edited By John E. B. Mayor, 
M. A., Kennedy Professor of Latin at Cambridge : — 
CAMBRIDGE IN THE SEVENTEENTH CENTURY. Part II. 

Autobiography of Matthew Robinson. Fcap. 8vo. 5j. 6^. 
This is the second of the Memoirs illustrative of ** Cambridge in the 
Seventeenth Century" that of Nicholas Farrar having preceded it. It gives 
a lively picture of England during the Civil Wars the most important 
crisis of our national life; it supplies materials for the history of he 
University and our Endowed Schools, and gives us a view of country 
clergy at a time when they are supposed to have been, with scarce an ex- 
ception, scurrilous sots. Mr, Mayor has added a collection of extracts and 
documents relating to the history of several other Cambridge men of note 
belonging to the same period, all, like Robinson, of Nonconformist leanings. 
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Mayor (J. E. B.)—conHnued, 

LIFE OF BISHOP BEDELL. By his Son. Fcap. 8vo. ^. 6d. 

This is the third of the Memoirs illustrative of" Cambridge in the 17/A 
Century," The life 0/ the Bishop of Kilmore here printed for the first time 
is preserved in the Tanner MSS,, and is preliminary to a larger one to be 
issued shortly, 

Mitford (A. B.)— tales OF- OLD japan. By A. B. 
MiTFORD, Second Secretary to the British Legation in Japan. 
With upwards of 30 Illustrations, drawn and cut on "Wood by 
Japanese Artists. Two Vols, crown 8vo. 2ij. 

Under the influence of more enlightened ideas and of a liberal system of 
policy^ the old Japanese civilization is fast disappearing^ and willy in a 
few yearsy be completely extinct. It was important^ thereforCy to preserve 
as far cu possible trustworthy records of a state of society which, although 
venerable from its antiquity y has fpr Europeans the dawn of novelty ; 
hence the series of narratives and legends translated by Mr, Mitford, 
and in which the Japanese are very judiciously left to tell their own tale. 
The two volumes comprise not only stories and episodes illustrcUive of 
Asiatic superstitions y but cUso three sermons. The preface, appendices, 
and notes explain a number oj local peculiarities ; the thirty-one woodcuts 
are the genuine work of a native artisty who, uncoitsciously of course, has 
adopted the process first introduced by the early German masters, " These 
very original volumes will always be interesting cts memorials of a most 
exceptional society, while regarded simply as tales, they are sparkling, sensa^ 
tional, and dramatic, and the originality of their ideas and the quaintness 
of their language give them a most captivating piquancy. The illustra- 
tions are extremely interesting^ and for the curious in such matters have 
a special and particular value," — Pall Mall Gazette. 

Morley (John).— EDMUND BURKE, a Historical Study. By 
John Morley, B.A. Oxon. Crown 8vo. *js, 6d, 

" 77ie style is terse and incisive, and brilliant with epigram and point. 
It contains pithy aphoristic sentences which Burke himself would not have 
disowned. Its sustained power of reasoning, its wide sweep of observation 
and reflection, its elevated ethical and social tone, stamp it as a work of 
high excdlence," — Saturday Review. *M model of compact conden* 
sation. We have seldom met with a book in which so much matter luas 
compressed into so limited a space," — Pall Mall Gazette. ^^ An essay 
cf unusual effort." — Westminster Review. 
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Morison. — the life and times of saint bernaret. 

Abbot of Clairvaux. By James Cotter MoRisoN, M.A. Cheaper 
Edition. Crown 8vo. 4J. dd. 

The Pall Mall Gazette calls this " one of the best contributions in 
our literature towards a vivid, intelligetity and worthy knowledgie of 
European interests aiid thoughts and feelings during the twelfth century, 
A delightful and instructive volume, and one of the best products of the 
modern historic spirit^- ** A worh" says the Nonconformist, *'of 
great meiit and value, dealing most thoroughly with one of the most in- 
teresting characters, and one of the most interesting periods, in the Church 
history of the Middle Ages. Mr, Morison is thoroughly master of his subject, 
and writes with great discrimination and fairness ^ and in a chaste and 
elegant style." The Spectator says it is **not only distinguished by 
research and candour, it has also the great merit of never being dull,** 

Napoleon.— the history of napoleon l By p. 

Lanfrey. a Translation with the sanction of the Author. Vols. 
I. and II. 8vo. price 12s, each. 

The Pall Mall Gazette says it is " one oj the most striMng 
pieces of historical composition of which France has to boast," and the 
Saturday Review calls it **an excellent translation of a work on every 
ground desei'ving to be translated. It is unquestionably and immeasurably 
the best that has been produced. It is in fact the only work to which we 
can turn for an accurate and trustworthy narrative of that extraordinary 
career. , . . The book is the best and indeed the only trustworthy history 
of Napoleon which has been written." 

Palgrave (Sir F.)— HISTORY OF NORMANDY ANI> 
OF ENGLAND. By Sir Francis Palgrave, Deputy Keeper 
of Her Majesty's Public Records. Completing the History to the 
Death of William Rufus. Vols. II. — IV. 2.1s. each. 

Volume I. General Relations of Mediceval Europe — The Carlovingian 
Empire— The Danish Expeditions in the Gauls — And the Establishment 
of Rollo, Volume II, The Three First Dukes of Normandy ; Rollo^ 
Guillaume Longue-Epie, and Richard Sans-Peur — The Carlovingian 
line supplanted by the Capets, Volume III. Richard Sans-Peur — 
Richard Le-Bon — Richard III.^-Robert Le Diable — William the Con* 
qiieror. Volume IV, William Rufus — Accession of Henry Beauclerc^ 
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^ // is medless to say anything to recommend this work of a lifetime to all 
students of history ; it is, as the SPECTATOR says, *^ perhaps the greatest 
single^contributian yet made to the authentic annals of this country," and 
*^must," says the ^Nonconformist, ^^ always rank among our standard 
authorities y 

Palgrave (W. G,) — a NARRATIVE or a year's 

JOURNEY THROUGH CENTRAL AND EASTERN 
ARABIA, 1862-3. Sy William Gifford Palgrave, late of 
the Eighth Regiment Bombay N. I. Sixth Edition. With Maps, 
Plans, and Portrait of Author, engraved on steel by Jeens. Crown 
8vo. 6j. 
** The work is a model of what its class should T?e ; the style restrained, 
the narrative clear, telling us all we wish to know of the country and 
people visited, and enough of the author and his feelings. to enable us to 
trust ourselves to his guidance in a tract hitherto untrodden, and dangerous 
in more senses than one. . . He hoi not only written one of the best books 
on the Arabs and one of the best books on Arabia, but he has done so in^a 
manner that must command the respect no less than the admiration of his 
felloTo-cotrntrymen.*^ — Fortnightly Review. " Considering the extent 
of our previous ignorance, the amount of his cu:hievements, and the im- 
portance of his contributions to our knowledge, we cannot say less qf him 
than was once said of a far greater discoverer — Mr, Palgrave has indeed 
given a new world to Europe" — Pall Mall Gazette. 

Prichard.— THE ADMINISTRATION OF INDIA. From 
1859 to 1868. The First Ten Years of Administration under the 
Crown. By Iltudus Thomas Prichard, Barrister-at-Law. 
Two Vols. DemySvo. With Map. 21s. 

In these volumes the author hcu aimed to supply a full, impartial, and 
independent account of British India between 1859 and 1868 — which is 
in many respects the most important epoch in the history of that country 
that the present century has seen, " It has the great merit that it is not 
exclusively devoted, as are too many histories, to military and politiccU 
details, but enters thoroughly into the more important questions of social 
history. We find in these volumes a well-arranged and compendious 
reference to almost all that has been done in India during the last ten 
years ; and the most important official documents and historical pieces are 
well selected and duly set forth." — SCOTSMAN. ^^ It is a work which 
every Englishman in India ought to add to hislibrjory." — iStar OF Ikdia* 
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Robinson (H. Crabb).— THE DIARY, REMINISCENCES, 

AND CORRESPONDENCE, OF HENRY CRABB ROBIN- 
SON, Barrister-at-Law. Selected and Edited by Thomas 
Sadler, Ph.D. With Portrait Third and Cheaper Edition. 
Two Vols. Crown 8vo. i6j. 

The Daily News says : " The two hooks which are most likdy to 
survive change of literary taste^ and to charm while instructing generation 
after generation^ are the ^ Diary ^ of Pepys and BoswelPs * Life of 
» yohnson, * The day will come when to these many will add the ' Diary of 
Henry Crabb Robinson,* Excellences like those which render the personal 
revelations of Pepys and the observations of Boswell such pleasant reading- 
abound in this work , , . . In it is to be found something to suit every taste 
and inform every mind. For the general reader it contains much light and 
amusing matter. To the lover of literature it conveys information which 
he will prize highly on account of its accuracy and rarity. The student of 
social life will gather from it many valuable hints whereon to base 
theories as to the effects on English society of the progress of civilization. 
For these and other reasons this * Diary ' is a work to which a hearty 
welcome should be accorded. ''^ 

Rogers (James E. Thorold). — historical glean- 
ings : A Series of Sketches. Montague, Walpole, Adam Smith, 
Cobbett. By Prof. Rogers. Crown 8vo. 4^. dd. Second Series. 
Wiklif, Laud, Wilkes, and Home Tooke. Crown 8vo. 6j'. 

Professor Rogers^ s object in these sketches, which are in the form of 
Lectures, is to present a set of historical facts, grouped round a principal 
figure. The author has aimed to state the social facts of the time in 
which the individual whose history is handled took part in public business. 
It is from sketches like these of the great men who took a prominent 
and influential part in the affairs of their time that a clear conception of 
the social and economical condition of our ancestors can be obtained. 
History learned in this way is both instructive and agreeable. " His Essays, " 
the Pall Mall Gazette says, ** are full of interest, pregnant, thoughtful 
and readable. ^^ " They rank far above the average of similar perfor- 
mances,^^ says the Westminster Review. 

Raphael.— RAPHAEL OF URBINO AND HIS FATHER 
GIOVANNI SANTI. By J. D. Passavant, formerly Director 
of the Museum at Frankfort. With Twenty Permanent Photo- 
graphs. Royal 8vo, Handsomely bound. 31J. 6</. 
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To the enlarged French edition of Passavan^s Life of Raphael^ that 
painter's admirers have turned whenever they have sought information, 
and it will doubtless remain for many years the best book of reference on 
all questions pertaining to the great painter. The present work consists 
of a translation of those parts of Passavanfs volumes which are most 
likely to interest the general reader. Besides a complete life of Raphael, it 
contains the valuable descriptions of all his known paintings, and the 
Chronological Index, which is of so much service to amateurs who wish to 
study the progressive character of his works. The Illustrations by 
Woodbury's new permanent process of photography, are taken from the 
finest engravings that could be procured, and have been chosen with the 
intention of giving examples of RaphaeVs various styles of painting. The 
Saturday Review says of them, ** We have seen not a feiv elegant 
specimens of Mr. Woodbury^ s new process, but we have seen none that 
equal these." 

'Somers (Robert).— TpE SOUTHERN states since 

THE WAR. By Robert Somers. With Map. 8vo. 9^. 

This work is the ; esult of inquiries made by the author of all authorities 
competent to afford him information, and of his own observation during a 
lengthened sojourn in the Southern States, to which writers on America so 
seldom direct their steps. The author^ s object is to give some account of the 
condition of the Southern States under the new social and political system 
introduced by the civU war. He has here collected such notes of the progress 
of their cotton plantations, of the state of their labouring population and of 
their industrial enterprises, as" may help the reader to a safe opinion of 
their means and prospects of development. He also gives such information 
of their natural resources, railways, and other public works, as may 
tend to show to what extent they are fitted to become a profitable field of 
enlarged immigration, settlement, and foreign trade. The volume contains 
many valuable and reliable details as to the condition of the Negro popula- 
tion, the state of Education and Religion, of Cotton, Sugar, and Tobacco 
Cultivation, of Agriculture generally, of Coal and Iron Mining, Manu- 
factures, Trade, Means of Locomotion, and the condition of Towns and of 
Society. A large map of the Southern States by Messrs, W. and A, K, 
fohnston is appended, which shows with great clearness the Cotton, Coal, 
andiron districts, the railways completed and projected, the State boundaries, 
and other important details. * * Full of interesting and valuable informa^ 
Hon.'*' — Saturday Review. 
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Smith (Professor Goldwin). — THREE ENGI.ISH 

STATESMEN. See p. 43 of this Catalogue. 

Tacitus.— THE HISTORY OF TACITUS, translated into 
English. By A. J. CnuRCH, M.A. and W. J. Brodribb, M.A. 
With a Map and Notes. New and Cheaper Edition, revised, 
crown 8vo. 6s. 

The translators have endeavoured to adhere as closely to the original as 
K'os thought consistent with a proper observance of English idiom. At 
the same time it has been their aim to reproduce the precise expressions of 
the author. This work is characterised by the SPECTATOR cls^* a scholarly 
and faithful translation.^^ Several improvements have been made in this 
Edition f and the Notes have been enlarged^ with the view of rendering the 
work more intelligible and useful to the general reader. 

THE AGRICOLA AND GERMANIA. Translated into English by 
A. J. Church, M.A. and W. J. Brodribb, M.A. With Maps 
and Notes. Extra fcap. 8vo. 2s. 6d. 

The translators have sought to produce such a version cts may satisfy 
scholars who detnand a faithful rendering of the original, and English 
readers who are offended by the baldness and frigidity which commonly 
disfigure translations. The treatises are accompanied by Introductions^ 
Notes, MapSy and a chronological Summary. The Athenaeum says of 
this work that it is " a version at once readable and exact, which may be 
perused with pleasure by all, and consulted with advantage by the classical 
student;^'' and theVhiA. Mall Gazette says," What the editors have 
attempted to do, it is not, we think probable^ that any living scholars could 
have done better. ^^ 

Taylor (Rev. Isaac). — words and places. See 

p. 51 of this Catalogue. 

Thomas. — THE LIFE OF JOHN THOMAS, Surgeon of the 
**Earl of Oxford" East Indiaman, and First Baptist Missionary to 
Bengal. By C. B. Lewis, Baptist Missionary. 8vo. ioj. dd. 

This biography, founded on the most trustivorthy materials cUtainabUy 
will be found interesting, not only to all who take an interest in mission 
work and the spread of Christianity, but to all who care to read the life of 
an earnest man striving to benefit others. 
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Trench (Archbishop).— -For other Works by the same Author, 
see Theological and Belles Lettres Catalogues, and p. 51 
of this Catalo^e. 

GUSTAVUS ADOLPHUS IN GERMANY, and other Lectures 
on the Tliirty Years* War. By R. Chenevix Trench, D.D., 
" Archbishop of Dublin. Second Edition, revised and enlarged. 
Fcap. 8vo. 4J. 

The lectures contained in this volume form rather a new book than a 
new edition, for on the two lectures published by the Author several years 
agOj so many changes and additions have been made, as to make the work 
virtually a new one. Besides three lecttires of the career of Gustavus in 
Germany and during the Thirty Years' IVar, there are other two, one 
on ** Germany during the Tliirty Years' War,' and another on Germany 
after that War. The work will be found not only interesting and in- 
strvtctive in itself, but will be found to have some bearing on events con- 
nected with the recent European War. 

Trench (Mrs. R.)— remains of the late MRS. 

RICHARD TRENCH. Being Selections from her Journals, 
L.etters, and other Papers. Edited by Archbishop Trench. 
New and Cheaper Issue, with Portrait. 8vo. 6j. 
Contains Notices and Anecdotes illustrating the social life oj the period 

— extending over a quarter of a century (1799 — 1827). It includes cUso 

Poems and other miscellaneous pieces by Mrs. Trench. 

Wallace. — Works by Alfred Russel Wallace. For other 
Works by same Author, see Scientific Catalogue. 

Dr. Hooker, in his address to the British Association, spoke thus of the 
author : — ** Of Mr, Wallace and his many contributions to philosophical 
biology it is not easy to speak without enthusiasm ; for, putting ctside their 
great merits, he, throughout his writings, with a modesty as rare as I 
believe it to be unconscious, forgets his 07vn unquestioned claim to the honour 
of having originated, independently of Mr. Darwin, the theories which 
he so ably defends." 

A NARRATIVE OF TRAVELS ON THE AMAZON AND 
RIO NEGRO, with an Account of the Native Tribes, and Obser- 
vations on the Climate, Geology, and Natural History of the 
Amazon Valley. With a Map and Illustrations. 8vo. 12s. 
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Wallace (A. B..)--conHnu€d. 

Mr, Wallace is acknowledged as one of the first of modem trcpvelUrs 
and naturalists. This, his earliest work, will be found to possess niany 
charms for the general reader^ and to be full of interest to the student of 
natural history, 

THE MALAY ARCHIPELAGO : the Land of the Orang Utan 
and the Bird of Paradise. A Narrative of Travel with Studies 
of Man and Nature. With Maps and Illustrations. Third and 
Cheaper Edition. Crown 8vo. Ts, 6d, 

** The result is a vivid picture of tropical life, which may be read with 
unflagging tnteresty and a sufficient account of his scientific conclusions to 
stimulate our appetite without wearying us by detail. In shorty we may 
safely say that we have never read a more agreeable book of its kind," — 
Saturday Review. "His descriptions of scenery, of the people and 
their manners and customs, enlivened by occasional amusing anecdotes^ 
constitute the most interesting reading we have taken up for some time,** — 
Standard. 

Ward (Professor).— THE HOUSE OF AUSTRIA IN THE 
THIRTY YEARS* WAR. Two Lectures, with Notes and lUus- 
trations. By Adolphus W. Ward, M.A., Professor of History 
in Owens College, Manchester. Extra fcap. 8vo. 2s, 6d, 

These two Lectures were delivered in February, 1869, at the Philosophical 
Institution, Edinburgh, and ar enow published with N^otes and Illustrations, 
* * We have never read, " says the Saturday Review, * * any lectures which 
bear more thoroughly the impress of one who has a true and vigorous grasp 
of the subject in hand. " * * They are," the SCOTSMA N says, * * the fruit of 
much labour and learning, and it would be difficult to compress into a 
hundred pa^es more information^ 

Ward (J.)— EXPERIENCES OF A DIPLOMATIST. Being 
recollections of Germany founded on Diaries kept during the years 
1840— 1870. By John Ward, C.B., late H.M. Minister- 
Resident to the Hanse Towns. 8vo. loj. (yd, 

Mr. Ward's recollections extend back even to 1830. From his official 
position as well as from other circumstances he had many opportunities of 
coming in contact with eminent men of all ranks and all professions on the 
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Continent. His book, while it contains much that throws light on the 
history of the long and important period with which it is concerned, is full 
of reminiscences of such men as Arrivabene, King Leopold, Frederick 
William IV. , his Court and Ministers, Humboldt, Bunsen, Raumer, 
Ranke, Grimm, Palmerston, Sir de Lacy Evans, Cobden, Mendelssohn, 
Cardinal Wiseman, Prince Albert, the PHnce and Princess of Wales, 
Lord Russell, Bismarck, Mdlle. Tietjens, and many other eminent English- 
men and foreigners. 

Warren.— AN ESSAY ON GREEK FEDERAL COINAGE. 
By the Hon. J. Leicester Warren, M.A. 8vo. 2s, 6d. 

The present essay is an attempt to illustrate Mr. Freeman^ s Federal 
Government by evidence deduced from the coinage of the times and countries 
therein treated of, 

Wedgwood.— JOHN WESLEY AND THE EVANGELICAL 
REACTION ofthe Eighteenth Century. By Julia Wedgwood. 
Crown 8vo. %s, 6d. 

This book is an attempt to delineate the influence of a particular man 
upon his age. The background to the central figure is treated with 
considerable minuteness, the object of representation being not the vicissitude 
of a particular life, but that element in the life which impressed itself on 
the life of a nation, — an element which cannot be understood without a 
study of aspects of national thought which on a superficial view might 
appear wholly unconnected with it, " In style and intellectual power, in 
breadth of view and clearness of insight. Miss Wedgwood^ s book far 
surpasses all rivals^ — ATHENiEUM. **As a short account of the most 
remarkable movement in the eighteenth century, it must fairly be described 
flj excellent." — Pall Mall Gazette. 

Wilson. — A MEMOIR OF GEORGE WILSON, M. D., 
F.R.S.E., Regius Professor of Technology in the University of 
Edinburgh. By his Sister. New Edition. Crown 8vo. dr. 

^*An exquisite and touching portrait of a rare and beautiful spirit,^^ — 
Guardian. **He more than most men of whom we have lately read 
deserved a minute and careful biography, and by such alone could he be 
understood, and become loveable and influential to his fellow-men. Suck 
a biography his sister has written, in which letters reach almost to the 
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extent of a complete autobiography, with all the additional charm of being 
unconsciously such. We revere and admire the heart , and earnestly praise 
the patient tender hand, by which such a worthy record of the earth-story 
of one of Gods true angel-men has been constructed for our delight and 
profits* — Nonconformist. 

Wilson (Daniel, LL.D.) — ^Works by Daniel Wilson, 

LL.D., Professor of History and English Literature in University 
College, Toronto : — 

PREHISTORIC ANNALS OF SCOTLAND. New Edition, 
with numerous Illustrations. Two Vols, demy 8vo. 36J. 

One object aimed at when the book first appeared was to rescue archcsologycal 
research from that limited range to which a too exclusive devotion to classieal 
studies had given rise, and, especially in relation to Scotland, to prove how 
greatly more comprehensive and important are its native antiquities than all 
the traces of intruded art. The aim has been to a large extent effectually 
accomplished, and such an impulse given to archceological research^ that in 
this new edition the whole of the work has had to be remodelled. Fully a 
third of it has been entirely re-written; and the remaining portions have 
undergone so minute a revision as to render it tn many respects a new 
work. The number of pictorial illustrations has been greatly increased^ 
and several of the former plates and woodcuts have been re-engraved 
from new drawings. This is diviaed into four Parts, Part I, deals 
with The Primeval or Stone Period : Aboriginal Traces, Sepulchral 
Memorials, Dwellings, and Catacombs, Temples, Weapons, etc, etc, i 
part 21, The Bronze Period : The MetaJlurgic Transition, Primitive 
Bronze, Personal Ornaments, Religion, Arts, and Domestic ffabits, with 
other topics; Part III, The Iron Period : The Introduction of Iron^ The 
Roman Invasion, Strongholds, etc, etc.; Part IV. The Christian Period : 
Historical Data, the Norri^s Law Relics, Primitive and Mediceval 
Ecclesiology, Ecclesiastical and Miscellaneous Antiquities, The work is 
furnished with an elaborate Index, " One of the most interesting, learned, 
and elegant works we have seen for a long time.^^ — Westminster 
Review. " The interest connected with this beautiful volume is not 
limited to that part of the kingdom to which it is chiefly devoted ; it will be. 
consulted with advantage and gratification by all who have a regard for 
National Antiquities and for the advancement of scientific Archeology *^ — 
AjlCHiEOLOGICAL JOURNAL. 
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Wilson (Daniel, 'Ll^.'D,)— continued, 

PREHISTORIC MAN. New Edition, revised and partly re- written, 
with numerous Illustrations. One vol. 8vo. 21s, 

This work, which carries out the principle of the preceding one, but with 
a wider scope, aims to " view Man, as far as possible, unajfected by those 
modifying influences which accompany the development of ncUions and the 
maturity of a true historic period, in order thereby to ascertain the sources 
from whence such development and maturity proceed. These researches 
into the origin of civilization have accordingly been pursued under the belief 
which influenced the author in previous inquiries that the investigations 
of the archcBologist, %vhen carried on in an -enlightened spirit, are replete 
with interest in relation to some of the most important problems of modem 
science. To reject the aid of archceology in the progress of science, and 
especially of ethnological science, is to extinguish the lamp of the student 
when most dependent on its borrowed rays" A prolonged residence on 
some of the newest sites of the New World has afforded the author many 
opportunities of investigating the antiquities of the American Aborigines^ 
and of bringing to light many facts of high importance in reference to 
primeval man. The changes in the new edition, necessitated by the great 
advance in Archceology since the first, include both reconstruction and 
condensation, along with considerable additions alike in illustration and 
in argument. ** We find," says the AxHENiEUM, ** the main idea of his 
treatise to be a pre-eminently scientific one, — namely, by archcsological 
records to obtain a definite conception of the origin and nature of man*s 
earliest efforts at civilization in the New World, and to endeavour to dis- 
cover, as if by analogy, the necessary conditions, phases, and epochs through 
which man in the prehistoric stage in the Old World also must necessarily 
have passed'^ The North British Review calls it "a mature and 
mellow work of an able man ; free alike from crotchets and from dog- 
mcttism, and exhibiting on every page the caution and moderation of a 
well-balanced judgment. " 

CHATTERTON : A Biographical Study. By Daniel Wilson, 
LL.D., Professor of History and English Literature in University 
College, Toronto. Crown 8vo. 6j. 6^. 

The author here regards Chatterton as a poet, not at a **mere resetter 
and defacer of stolen literary treasures." Reviewed in this light, he has 
found much in the old materials capable of being turned to neiv account: 
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and to these materials research in various directions has enabled hint to 
make some additions. He believes that the boy-poet has been misjudged^ and 
that the biographies hitherto written of him are not only imperfect but 
untrue. While dealing tenderly^ the author has sought to deal truthfully 
with the failings as well as the virtues of the boy : bearing always in 
remembrance^ what has been too frequently lost sight of that he was but (t 
boy ;—a boyy and yet a poet of rare power. The Examiner thinks this 
**the most complete and the purest biography of the poet which has yet 
appeared^ The LITERARY CHURCHMAN calls it **a most charming- 
literary biography," 

Yonge (Charlotte M.)— Works by Charlotte M. Yonge, 
Author of "The Heir of Redclyffe," &c &c. :— 

A PARALLEL HISTORY OF FRANCE AND ENGLAND : 

consisting of Outlines and Dates. Oblong 4to. 3j. 6d, 

This tabular history has been drawn up to supply a want felt by many 
teachers of some means of making their pupils realize what events in the 
two countries were contemporary, A skeleton ttarrative has been constructed 
of the chief transactions in either country y placing a column between for 
what affected both alike, by which means it is hoped that young people may 
be assisted in grasping the mutual relation of events, 

CAMEOS FROM ENGLISH HISTORY. From RoUo to Edward 
II. Extra fcap. 8vo. Second Edition, enlarged. 5^. 

A Second Series, THE WARS IN FRANCE. Extra fcap. 
8vo. 5j. Second Edition. 

The endeavour has not been to chronicle facts, but to put together a series' 
of pictures oj persons and events, so as to arrest the attention, and give 
some individuality and distinctness to the recollection, by gathering together 
details of the most memorable moments. The ** Cameos " are intended as 
a book for young people p*st beyond the elementary histories of England, 
and able to enter in some degree into the real spirit of events, and to be 
struck with characters and scenes presented in some relief, ** Instead of 
dry details," says the NONCONFORMIST, " a/^ have living pictures, faithful^ 
vivid, and striking," 
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Young (Julian Charles^ M^A.)— a memoir of 

CHARLES MAYNE YOUNG, Tragedian, with Extracts 
from his Son's JeurBal. By Julian Charles Young, M.A. 
Rector cf IlmiogtoB. With [Portraits and Sketches. New and 
Chea^ Edition, Crown 8vo. 7* 6«/. 

Round this memoir of one who held no mean place in public estimation 
as a tragedian, and who^ as a many by the unobtrusive simplicity and 
moral purity of his private life, won golden opinions from all sorts of men, 
are clustered extracts from the author's yimrnalsj contaimng many 
curious and interesting reminisceiues of his father's and his own eminent 
and famous contemporaries and acquaintances, somewhat after the manner 
of H. Crabb Robinson's Diary. Every page will be fiund full both oj 
entertainment and instruction. It contains four portraits of ^tragedian, 
and a few other curious sketches, " In this budget of anecdotes, fables, and 
gossipy old and new, relative to Scott, Moore, Chalmers^ Coleridge, Words- 
worth, Croker, Mathews, the third and" fourth Georges^ Bowles, Beck^ 
ford, Lockhart, Wellington, Peel, Louis Napoleon^ I^Orsay, Dickens, 
Thackeray, Louis Blanc, Gibson^ Constable, and Stanfidd, etc. etc. the 
reader must be hard indee£ to please who cannot find entertainment," — 
Pall Mall Gazextk^ 



POLITICS, POLITICAL AND SOCIAL 
ECONOMY, LAW, AND KINDRED 
SUBJECTS. 

Baxter. — national income : The United Kingdom. By 
R. Dudley Baxter, M.A. 8vck y, 6d, 

The present tvork endeavours to answer systematically such questions 
as the following: — What are the means and aggregcUe wages of our . 
labouring population ; what are the numbers and aggregate profits 
of the middle classes ; what the revenues of our great proprietors 
and capitalists ; and what the pecuniary strength of the nation /# 
bear the burdens annually falling upon us ? What capital in 
land and goods and money is stored up for our subsistence^ and for 
carrying out our enterprises ? The author has collected his facts 
from every quarter and tested thefn in various ways, in order /# 
make his statements and deductions valuable and trustworthy. 
Fart /. of the zvork deals with the Classification of the Population 
into — Chap. I. The Income Classes ; Chap. II. The Upper and 
Middle and Manual Labour Classes. Part II. treats of the In- 
come of the United Kingdom, divided into — Chap. III. Upper 
and Middle Incomes ; Chap. IV. Wages of the Manual Labour 
Classes — England and Wales ; Chap. V, Income of Scotland ; 
Chap. VI. Income of Ireland ; Chap. VII, Income of the 
United Kingdom. In the Appendix will be found many valuable 
and carefully compiled tables^ illustrating in detail the subjects 
discussed in the text. 

Bernard.— FOUR LECTURES ON SUBJECTS CONNECTED 
WITH DIPLOMACY. By Montague Bernard, M.A., 
Chichele Professor of International Law and Diplomacy, Oxford. 
8vo. 9x. 
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TTiese four Lectures deal with — I, " The Congress of Westphalia ; " 
//. '' Systems of Policy ;" III, ^' Diplomacy, Past and Present ;'' 
IV. ^^The Obligations of Treaties. ^^ — ^^ Singularly interesting 
lectures, so able, clear, and attractive." — Spectator. ^^The 
author of these lectures is full of the knowledge which belongs to 
his subject, and has that power of clear and vigorous expression 
which results from clear and vigorous thought."*^ — Scotsman. 

Bright (John, M. P.)— SPEECHES ON QUESTIONS OF 
PUBLIC POLICY. By the Right Hon. John Bright, M.P. 
Edited by Professor Thorold Rogers. Author's Popular Edition. 
Globe 8vo. 3J. ^d. 

The speeches which have been selected for publication in these volumes 
possess a value, cts examples of the art of piiblic speaking, which no 
person will be likely to underrate. The speeches have been selected 
with a view of supplying, the public with the emdence on which Mr, 
Bright s friends ctssert his right to a plctce in the front rank of 
English statesmen. They are divided into groups, according 
to their subjects. The editor has naturally given prominence to 
those subjects with which Mr. BHghi has been specially identified, 
us, for example, India, America, Ireland, and Parliamentary 
Reform. But nearly every topic of great public interest on which 
Mr. Bright has spoken is rep-esented in tliese volumes. ^^Mr. 
Bright* s speeches will always deserve to be studied, as an apprentite- 
ship to popular and parliamentary oratory ; they will form 
materials for the history of our time, and many brilliant passages, 
perhaps some entire speeches, wilt really become a part of the living 

' literature of England." — Daily News. 

LIBRARY EDITION. Two Vols. 8vo. With Portrait. 25^. 

Cairnes.— ESSAYS IN political economy, theo- 

RETICAL and APPLIED. By J. E. Cairnes, M.A., Professor 
of Political Economy in University College, London. 8vo. 
lOLf. td. 

Contents. -r-ffwayj towards a Solution of the Gold Question — The 
' Australian Episodi — The Course of Depreciation — International 
Results — Summary of the Movement — ^' Chevalier^ s Views — Co- 
operation in the Slate Quarries of North Wales-^PolUical Eeo- 

e 2 
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nomy and Land — Political Economy and Laissez-Faire — M, 
Comte and Political Economy — Bastiat. 

" The production of one of the ablest of living economists,''* — Athe- 
naeum. 

Christie.— THE ballot and corruption and 

EXPENDITURE AT ELECTIONS, a Collection of Essays and 
Addresses of different dates. By W. D. Christie, C.B., formerly 
Her Majesty's Minister to the Argentine Confederation and to 
Brazil ; Author of " Life of the First Earl of Shaftesbury. *' Crown 
8vo. 4J. 6^. 

Mr, Christie has been well known Jor upwards of thirty years as a 
strenuous and able advocate for the Ballot^ both in his place in 
Parliament and elsewhere. The papers and speeches here collected 
are six in number^ exclusive of the Preface and Dedication to PrO' 
fessor Maurice^ which contains many interesting historical detaMs 
concerning the Ballot, ** You have thought to greater purpose on 
the means of preventing electoral corruption, and are likely to he of 
more service in passing measures for that highly important end^ 
than any other person that I could name,** — J. S. Mill, in a 
published letter to the Author, May 1868. 

Clarke.— EARLY ROMAN LAW. THE REGAL PERIOD. 
By E. C. Clarke, M.A., of Lincoln's Inn, Barrister-at-Law, 
Lecturer in Law and Regius Professor of Civil Law at Cambridge. 

The beginnings of Roman Law are only noticed incidentally by Gaius 
or his paraphrasers under Justinian, They are, however, so im^ 
portant, that this attempt to set forth what is known or may be 
inferred about them, it is expected, wUl be found of much value. 
The method adopted by the author has been to furnish in the text 
of each section a continuous account of the subject in hand, ample 
quotations and references being appended in the form of notes. 
Most of the passages cited have been arrived at by independent read" 
ing of the original authority , the few others having been carefully 
verified, ^^ Mr, Clarke has brought together a great mass of valu* 
able matter in an accessible form,** — Saturday Review. 
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Corfield (Professor W. H.) — a digest of facts 

RELATING TO THE TREATMENT AND UTILIZATION 
OF SEWAGE. By W. H. Corfield, M. A., B.A., Professor of 
Hygiene and Public Health at University College, London. 8vo. 
lar. 6d, Second Edition, corrected and enlarged. 

In this edition the author has revised and corrected the entire work, 
and made many important additions. The headings of the eleven 
chapters are as follow: — I, ^^ Early Systems: Midden-Heaps and 
Cesspools. ^^ IL^^Filth and Disease — Cause and Effect, ^^ III, *^Im» 
f>roved Midden-Pits and Cesspools; Midden- Closets, Pail-Closets, 
etc," IV, '' The Dry-Closet Systems," V, ''Water- Closets," VI. 
''Sewerage," VII, "Sanitary Aspects of the Water' Carrying 
System," VIII. "Value oj Sewage ; Injury to Rivers," IX. 
Town Sewage ; Attempts at Utilization," X, "Filtration and 
Irrigation," XI, "Influence of Sewage Farming on the Public 
Health," An abridged account of the more recently published 
researches on the subject will be found in the Appendices, while the 
Summary contains a concise statement of the views which the author 
himself has been led to adopt; references have been inserted through" 
out to show from what sources the numerous quotations have been 
derived, and an Index has been added, "Mr. Corfield* s work is 
entitled to rank as a standard authority, no less than a convenient 
handbook, in all matters relating to sewage," — ATHENiEUM. 

Fawcett. — Works by Henry Fawcett, M.A., M.P., Fellow of 
Trinity Hall, and Professor of Political Economy in the University 
of Cambridge : — 

THE ECONOMIC POSITION OF THE BRITISH 
LABOURER. Extra fcp. 8vo. 5j. 

This work formed a portion of a course of Lectures delivered by the 
author in the University of Cambridge, and he has deemed it 
advisable to retain many of the expositions of the elementary prin* 
ciples of Economic Science, In the Introductory Chapter the 
author points out the scope of the work and shows the vast import^ 
anceofthe subject in rdation to the commercial prosperity and even 
the national existence of Britain. Then follow five chapters on 
"The Land Tenure of England," "Co-operation," " The Causes 
which regidate Wages,** ** Trade Unions and Strikes," and 
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Pawcett (H.) — ionHnued, 

^*' Emigration,^"* The Examiner calls the work "a very scholarly 
exposition on some of the most essential questions oj Political 
Economy ;*"* and the NONCONFORMIST says '^it is written with 
eharming freshness, ease, and lucidity ," 

, MANUAL OF POLITICAL ECONOMY. Third and Cheaper 
Edition, with Two New Chapters. Crown 8vo. lay. 6d, 

In this treatise no important branch of the subject has been omitted ^ 
and the author believes that the principles which are therein ex- 
plained will enable the reader to obtain a tolerably complete view of 
the whole science, Mr. Fawcett has endeavoured to show how 
intimately Political Economy is connected with the practical ques- 
tions of life. For the convenience of the ordinary reader^ and 
especially for those who may use the book to prepare themselves for 
examinations, he has prefixed a very detailed summary of Contents^ 
which may be regarded as an analysis of the work. The nem 
edition has been so carefully revised that there is scarcely a 
page in which some improvement has not been introduced. The 
Daily News says: ** It forms one of the best introductions to the 
principles of the science, and to its practical applications in the 
problems oJ modern, and especially of English, government and 
society." " The book is written throughout," says the Examiner, 
**with admirable force, clearness, and brevity, every important 
part of the subject being duly considered," 

PAUPERISM : ITS CAUSES AND REMEDIES. Crown 8vo. 
5j. 6d. 

In its number for March nth, 1871, the SFECTATORsaid: ^^ We wish 
Professor Fawcett would devote a little more of his time and energy 
to the practical consideration of that monster problem of Pauperism^ 

; for the treatment of which his economic knowledge and popular 
sympathies so eminently fit him." The volume now published may 
he regarded as an answer to the above challenge. The seven 
chapters it comprises discuss the following subjects : — I. ^^ Pauperism 
and the old Poor Law." II. ** The present Poor Law System J*^ 
III. ''The Increase of Population," IV. '' National Education; 
its Economic and Social Effects," V. ^'Co-partnership and C#- 
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Fawcett i^.)— continued. 

operation:' VI. '' The English System of Land Tenure:' VIL 
^^ The Inclosure of Commons'' The AxHENiEUM calls the work 
** a repertory of interesting and well-digested information:' 

ESSAYS ON POLITICAL AND SOCIAL SUBJECTS. By 
Professor Fawcett, M.P., and Millicent Garrett 
Fawcett. 8vo. ioj. dd. 

This volume contains fourteen papers, some of which have appeared 
in various journals and periodicals ; others have not before been 
published. They are all on subjects of great importance and uni^ 
versal interest , and the names of the two authors are a sufficient 
guarantee that each topic is discussed with full knowledge, great 
ability, clearness, and earnestness. The following are some of the 
titles: — ^^ Modern Socialism;" ^^ Free Education in its Economic 
Aspects ;" ^^ Pauperism, Charity, and the Poor Law ;" ** National 
Debt and National Prosperity;" **lVhat can be done for the 
Agricultural Labourers ;" " The Education of Women ;" ** The 
Electoral Disabilities of Women;" ^^ The House of Lords." Each 
article is signed with the initials of its author. **In every 
respect a work of note and value, . . They will all repay the- 
Perusal of the thinking reader." — Daily News. 

Fawcett (Mrs.)— political economy for begin-^ 

NERS. WITH QUESTIONS. By Millicent Garrett 
Fawcett. New Edition. i8mo. 2j. 6^. 

In this little work are explained as briefly cls possible the most im* 
portant principles of Political Economy, in the hope that it will be 

, useful to beginners, and perhaps be an assistance to those who are 
desirous of introducing the study of Political Economy to schools. 
In order to adapt the book especially for school use, questions have- 
been added at the end of each chapter. In the new edition each 
page has been carefully revised, and at the end of each chapter f. 
after the questions, a few little puzzles have been added, which wilt 
give interest to the book, and teach the learner to think for himself,. 
The Daily News calls it ^^ clear, compact, and comprehensive;'* 
and the Spectator says, **Mrs. Eawcetfs treatise is perfectly! 
suited to its purpose." 
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Freeman (E. A., M.A., D.C.Lr.) — HISTORY OF 

FEDERAL GOVERNMENT. See p. 8 of preceding His- 
torical Catalogue. 

Godkin (James).— THE land WAR IN IRELAND. A 
History for the Times. By James Godkin, Author of "Ireland 
and her Churches," late Irish Correspondent of the Times, Svo. 

I2f. 

A History of the Irish Land Question. '* There is probably no other 
account so compendious and so complete, " — FORTNIGHTLY Review. 

Goschen. — reports and speeches on local TAXA- 
TION. By George J. Goschen, M.P. Royal Svo. 5^. 

Mr, Goschen^ from the position he has held and the attention he has 
given to the subject of Local Taxation^ is well qualified to deal 
with it, " The volume contains a vast mass of information of the 
highest value," — Athen^UM. 

Guide to the Unprotected, in Every Day Matters Re- 
lating to Property and Income. By a Banker's Daughter. 
Third Edition. Extra fcap. Svo. y. 6d. 

Many widows and single ladies ^ and all young people^ on first 
possessing money of their own, are in want of advice when t?iey 
have commonplace business matters to transact. The author of 
this work writes for those who know nothing. Her aim throughout 
is to avoid all technicalities ; to give plain and practical directions^ 
not only as to what ought to be done^ but how to do it. * *Many an 
unprotected female will bless the head which planned and the hand 
which compiled this admirable little manual. , . . This book 7vas 
very much wanted, and it could not have been better done J** — 
Morning Star. 

Hill.— children of the state, the training OF 

juvenile paupers. By Florence Hill. Extra fcap. 
Svo. cloth. 5j. 

In this work the author discusses the various systems adopted in this 
and other countries in the treatment of pauper children. The 
Birmingham Daily Gazette calls it **a valuable contribution 
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to the great and important social question which it so ably and 
thoroughly discusses; and it must materially aid in producing a 
wise method of dealing with the Children of the State,^^ 

Historicus.— LETTERS ON SOME QUESTIONS OF 
INTERNATIONAL LAW. Reprinted from the Times, with 
considerable Additions. 8vo. *js. 6d, Also, ADDITIONAL 
LETTERS. 8vo. 2s, 6d, 

The author^ s intention in these Letters was to illustrate in a popular 
form clearly-established principles of law, or to refute, as occasion 
required, errors which had obtained a mischievous currency. He 
has endeavoured to establish, by sufficient authority, propositions 
which have been inconsiderately impugned, and to point out the 
various methods of reasoning which have led some modern writers 
to erroneous conclusions. The volume contains: Letters on ^*Recog' 
nition;^* **0n the Perils of Intervention;^^ **The Rights and 
Duties of Neutral Nations;" ''On the Law of Blockade;" " On 
Neutral Trade in Contraband of fVar;" '' On Belligerent Viola- 
tion of Neutral Rights ;" ''The Foreign Enlistment Act ;" "The 
Right of Search;" extracts from letters on the Ajfair of the 
Trent ; atui a paper on the "Territoriality of the Merchant 
Vessel." — **// is seldom that the doctrines of International Law on 
debateable points have been stated with more vigour, precision, and 
certainty." — SATURDAY Review. 

J e von S.— Works by W. Stanley Jevons, M.A., Professor of 
Logic and Political Economy in Owens College, Manchester. (For 
other Works by the same Author, see Educational and Philo- 
sophical Catalogues.) 

THE COAL QUESTION : An Inquiry Concerning the Progress 
of the Nation, and the Probable Exhaustion of our Coal Mines. 
Second Edition, revised. 8vo. iolt. 6</. 

"Day by day," the author says, "it becomes more evident that the 
coal we happily possess in excellent quality and abundance is the 
mainspring of modern material civiHxationJ* Geologists and 
other competent authorities have of late been hinting (hot the 
supply of coal is by no means inexhaustible^ and at U is of vast 
importance to the country and the world gmeraUy to kmm the real 
state of the case^ Professor yewms in tkis wprk keu mdmv m r wd t» 
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Jevons (Prof.) — continued, 

solve the question as far as the data at command admit. He 
believes that should the consumption multiply for rather more than 
a century at its present rate^ the average depth of our coal mines 
would be so reduced that we could not long continue our present rate 
of progress. ^^We have to make the momentous choice^** he believes , 
** between brief greatness and long-continued prosperity,** — **The 
question of our supply of coal j** says the Pall Mall Gazette, ** be- 
comes a question obviously of life or death, . . . The whole case is 
stated with admirable clearness atid cogency, , , , We may regard 
his statements as unanswered and practically established,** 

THE THEORY OF POLITICAL ECONOMY. 8vo. ^, 

In this work Professor Jevons endeavours to construct a theory of 
Political Economy on a mathematical or quantitative basis ^ believing 
that many of the commonly received theories in this science are per- 
niciously erroneous. The author here attempts to treat Economy 
as the Calculus of PlecLSure and Pain^ and has sketched out^ almost 
irrespective of previous opinions^ the form which the science, as it 
seems to him, must ultimately take. The theory consists in apply* 
ing the differential calculus to the familiar notions of Wealth, 
Utility, Value, Demand, Supply, Capital, Interest, Labour, and 
all the other notions belonging to the daily operations of industry. 
As the complete theory of almost every other science involves the use 
of that calculus, so, the author thinks, we cannot have a true theory 

of Political Economy without its aid. ^* Professor Jevons has done 
\ invaluable service by courageously claiming political economy to be 
strictly a branch of Applied Mathematics** — WESTMINSTER 
Review. 

MacdonelL— THE land question, with special 

REFERENCE TO ENGLAND AND SCOTLAND. By 
John Macdonell, Barrister-at-Law. 8vo. \os, 6d, 

Martin.— THE STATESMAN'S YEAR-BOOK: A Statistical 
and Historical Annual of the States of the Civilized World. 
Handbook for Politicians and Merchants for the year 1873. By 
Frederick Martin. Tenth Annual Publication. Revised aft«r 
Official Returns. Crown 8vo. los, 6d, 
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The Statesman's Year-Book is the only work in the English language 
which furnishes a clear and concise account of the actual condition 
of all the States of Europe^ the civilized countries of America^ 
Asia, and Africa^ and the British Colonies and Dependencies in 
all parts of the world. The new issue of the work has been revised 
and corrected y on the basis of official reports received direct from the 
heads of the leading Governments of the worlds in reply to letters sent 
to them by the Editor, Through the valuable assistance thus given^ 
it has been possible to collect an amount of information, political, 
statistical, and commercial, of the latest date, and of unimpeachable 
trustworthiness, such as no publication of the same kind has evef 
been able to furnish, **As indispensable as Bradshaw.^' — Times. 

Phillimore.— PRIVATE LAW AMONG THE ROMANS, 
from the Pandects. By John George Phillimore, Q. C. 8vo. 
i6s. 

The author's belief that some knowledge of the Roman System of 
Municipal Law will contribute to improve our own, has induted 
him to prepare the present work. His endeavour has been to select 
those parts of the Digest which would best show the grand manner 
in which the Roman jurist dealt with his subject, as well as those 
which most illustrate the principles by which he was guided in 
establishing the great lines and propositions of jurisprudence, which 
every lawyer must have frequent occasion to employ, *^Mr, Pkillu 
more has done good service towards the study of jurisprudence in 
this country by the production of this volume. The work is one 
which should be in the hands of every student,'^ — ATHENiEUM. 

Smith. — Works by Professor GoLDWiN Smith : — 

A LETTER TO A WHIG MEMBER OF THE SOUTHERN 
INDEPENDENCE ASSOCIATION. Extra fcap. 8vo. 2s, 

This is a Letter, written in 1864, to a member of an Association 
formed in this country, the purpose of which was **to lend assistance 
to the Slave-owners of the Southern States in their attempt to effect a 
disruption of the American Commonwealth, and to- establish an 
independent Power, having, as they declare, SlsLvery for its corner" 
stone, ^^ Mr, Smith endeavours to show that in doing so they 
would have committed a great folly and a still greater crime. 
Throughout the Letter many points of general and permanent 
importance are dismssed. 
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Smith (Prof. Q)—conHnued, 

THREE ENGLISH STATESMEN: PYM, CROMWELL, 
PITT. A Course of Lectures on the Political History of England. 
Extra fcap. 8v6. New and Cheaper Edition, ^s, 

**A work which neither historian nor politician can safely afford to 
ne^^lect. " — Saturday Review. " * * There are outlines^ clearly and 
boldly sketched, if mere outlines, of the three Statesmen who give the 
titles to his lectures ^which are well deserving of study ,^^ — Spectator. 

Social Duties Considered with Reference to the 

ORGANIZATION OF EFFORT IN WORKS OF BE- 
NEVOLENCE AND PUBLIC UTILITY. By a Man of 
Business. (William Rathbone.) Fcap. 8vo. 4j. 6^/. 

The contents of this valuable little book are — /. ^^ Social Disintegra^ 
tion.^* II. ^^Our Charities — Done and Undone.** Til, ^^Organiza' 
tion and Individual Benevolence — their Achievements and Short' 
comings.** IV. ** Organization and Individualism — their Co* 
operation Indispensable.** V. ^^ Instances and Experiments,*^ VI, 
* * The Sphere of Government. ** * * Conclusion, ** The views urged 
are no sentimental theories, but have grown out of the practical ex-" 
perience acquired in actual work. **Mr. Rathbonis earnest and 
large-hearted little book will help to generate both a larger and wiser 
charity.** — British Quarterly. 

Stephen (C. E.)— THE SERVICE O^ THE POOR; 
Being an Inquiry into the Reasons for and against the Establish- 
ment of Religious Sisterhoods for Charitable Purposes. By 
Caroline Emilia Stephen. Crown 8vo. 6j. (>d. 

Miss Stephen defines Religious Sisterhoods as ^^ associations^ the 
organization of which is based upon the assumption thai works of 
charity are either acts of worship in themselves, or means to an end^ 
that end being the spiritual welfare of the objects or the performers 
of those works.** Arguing from that point of view, she devotes the 
first part of her volume to a brief history of religious associations^ 
taking as specimens — I. The Deaconesses of the Primitive Church, 
II. TheBiguines, III. The Third Order of S. Francis, IV, The 
Sisters of Charity of S, Vincent de Paul. V, The Deaconesses of 
Modern Germany, In the secotid part, Miss Stephen attempts to 
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show what are the real wants met by Sisterhoods^ to what extent the 
same wants may be effectually met by the organization of corre- 
sponding institutions on a secular basis, and what are the reasons 
for endeavouring to do so. ** The ablest ctdvocate of a better lint of 
work in this direction than we have ever seen." — Examiner. 

Stephen (J. F.) — Works by James Fitzjames Stephen, 
Q.C.:— 

A GENERAL VIEW OF THE CRIMINAL LAW OF ENG- 
LAND. 8vo. i&r. 

The object of this work is to give an account of the general scope, 
tendency, and design of an important part of our institutions, 
of which surely none can have a greater moral significance, or be 
more closely connected with broad principles of morality and 
politics, than those by which men rightfully, deliberately, and in 
cold blood, kill, enslave, and otherwise torment their felloW" 
creatures. The author believes it possible to explain the principles 
of such a system in a manner both intelligible and interesting. 
The Contents are— I. ** The Province of the Criminal Law.*- 
II. ^'Historical Sketch of English Criminal Law." III. '^Defi- 
nition of Crime in General," IV. " CUissification and Definition 
. of Particular Crimes." V, ** Criminal Procedure in General." 
VI. ''English Criminal Procedure." VII. "The Principles of 
Evidence in Relation to the Criminal Law" VIII, "English 
Rules of Evidence." IX. "English Criminal Legislation," 
The last 1^0 pages are occupied with the discussion of a number 
of important cases, "RecuUrs fed in his book the confidence which 
attaches to the writings of a man who has a great practical 
acquaintance with the matter of which he writes, and lawyers will 
agree that it fully satisfies the standard of professional accuracy^ 
— Saturday Review. "His styleis forcible and perspicitous, and 
singularly free from the unnecessary use of professional terms," — 
Spectator. 

THE INDIAN EVIDENCE ACT (L of 1872). With an Intro- 
duction on the Principles of Judicial Evidence. 8vo. \2s, td. 

No one is more competent than Mr, Fitzjames Stephen to write on 
the subject of which he here treats. The Introduction, indeed, 
may be regarded as a short treatise on the theory of evidence, and, 
in connection with the appended Act ofiZ*j2^ the author hopes it may 
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prove useful to civil servants who are preparing in England for 
their Indian career ^ and to the law students in Indian Universities, 
The subject is one which reaches far beyond law, Tke law of 
evidence is nothing unless it is founded upon, a rational conception 
of the manner in which truth as to ail matters of fact whatever ought 
to be investigated. The four Chapters of the Introduction are — I, 
GenercU Distribution of the Subject ; II, A Statement of the 
Principles of Induction and Deduction^ and a Comparison of 
their Application to Scientific and Judicial Inquiries ; III, The 
Theory of Relevancy^ with Illustration ; IV, General Observations 
on the Indian Evidence Act, 

Thornton, —ON labour : its Wrongful Claims and Rightful 
Dues ; Its Actual Present State and Possible Future. By William 
Thomas Thornton, C.B., Author of " A Plea for Peasant Pro- 
prietors," etc. Second Edition, revised. 8vo. i\5. 

The object of this volume is to endeavour to find "a cure for human 
destitution,*^ the search after which has been the passion and the 
work of the author* s life. The work is divided into four books^ 
and each book into a number of chapters. Book I, *^ Labour's 
Causes of Discontent,** II. ** Labour and Capital in Debate** 
III. ^* Labour and Capital in Antagonism.** IV, ^^ Labour and 
Capital in Alliance.** All the highly important problems in Social 
and Political Economy connected with Labour and Capital are 
here discussed with knowledge, vigour, and originality, and for a 
noble purpose. The new edition has been thoroughly revised and 
considerably enlarged. ** We cannot fail to recognize in his work 
the result of independent thought, high moral aim, and generous 
intrepidity in a noble cause. .... A really valuable contridution. 
The number of facts accumulated, both historical and statistical^ 
make an especially valuable portion of the work,** — Westminster 
Review. 



AVORKS CONNECTED WITH THE SCIENCE 
OR THE HISTORY OF LANGUAGE. 

{For Editions of Greek and Latin Classical Authors, Gram- 
mars, and other School works, ^^^ Educational Catalogue.) 

Abbott.— A SHAKESPERIAN GRAMMAR : An Attempt to 
illustrate some of the Differences between Elizabethan and Modem 
English. By the Rev. E. A. Abbott, M. A., Head Master of the 
City of London School. For the Use of Schools. New and 
Enlarged Edition. Extra fcap. 8vo. 6s. 

The object of this work is to furnish students of Shakespeare atid 
Bacon with a short systematic account of some points of difference 
between Elizabethan Syntax and our own. The demand for a third 
edition within a year of the publication of the first, has encouraged 
the author to endeavour to make the work somewhat more useful, 
and to render it, as far as possible, a complete book of reference for 
all difficulties of Shakesperian Syntax or Prosody, For this purpose 
the whole of Shakespeare has been re-read, and an attenipt has been 
made to include within this edition the explanation of every 
idiomatic difficulty (where the text is not confessedly corrupt) that 
comes within the province of a grammar as distinct from a glossary. 
The great object being to make a useful bookof reference for students 
and for classes in schools, several Plays have been indexed so filly, 
that with the aid of a glossary and historical notes the references 
will serve for a complete commentary, "A critical inquiry, con- 
ducted with great skill and knowledge, and with all the appliances 
of modern philology,''^ — Pall Mall Gazette. ^^ Valuable not 
only as an aid to the eritical study of Shakespeare, but as tending /# 
familiarize the reader with Elizabethan English in genei'al,'*'' — 
ATHENiEUM. 
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Besant.— STUDIES IN early French poetry. By- 

Walter Besant, M.A. Crown 8vo. &r. 6d, 

A sort of impression rests on most minds thai French literature begins 
with the ^^siicle de Louis Quatorze;^^ any previous literature being 
for the most part unknown or ignored. Few know anything of the 
enormous literary activity that began in the thirteenth century^ was. 
\ carried on by Ruleheuf Marie deFrance, Gaston de Foixj ThihauU 
de Champagne^ and Lorris; was fostered by Charles of Orleans^ 
by Margaret of ValoiSf by Francis the First; that gave a crowd of 
versifiers to France^ enriched^ strengthened , developed^ and fixed the 
French language^ and prepared the way for Corneille and for- 
Racine, The present work aims to afford information and directiom 
touching these early efforts of France in poetical literature, * *In one 
moderately sized volume he has contrived to introduce us to the very 
best J if not to all of the early French poets, ^^ — ^ATHENiCUM. 
*^ Industry y the insight of a scholar , and a genuine enthusiasm for- 
his subject^ combine to make it of very considerable value.** — 
Spectator. 

Hales.— LONGER ENGLISH POEMS. With Notes, Philo- 
logical and Explanatory, and an Introduction on the Teaching of 
English. Chiefly for use in Schools. Edited by J W. PIales, 
M.A., late Fellow and Assistant Tutor of Christ's Collie, Cam- 
bridge ; Lecturer in English Literature and Classical Composition 
at King's Collie School, London; &c. &c. Extra fcap. 8vo. 
4^. 6d, 

This work has been in preparation for some years^ and part of it 
has been used as a class-book by the Editor for the last two years. 
It is intended as an aid to the Critical study of English Literature^ 
and contains one or more of the larger poems, each complete^ of 
prominent English Authors from Spenser to Shelley^ including 
Burni Saturday Night and Twa Dogs. In all cases the ori- 
ginal spelling and the text of the best editions have been given ; only- 
in one or two poems has it been deemed necessary to make slight 
omissions and changes, that the *^ reverence due to boys might be- 
well observed,** The latter half of the volume is occupied with 
copious notes, critical, etymological, and explanatory, calculated t^ 
give the learner much insight in the structure and connection of the 
English tongue. An Index to the notes is appended. 
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Helfenstein (James).— a comparative grammar 

OF THE TEUTONIC LANGUAGES : Being at the same 
time a Historical Grammar of the English Language, and com* 
prising Gothic, Anglo-Saxon, Eariy English, Modem English, 
Icelandic (Old Norse), Danish, Swedish, Old High German, 
Middle High German, Modem German, Old Saxon, Old Frisian, 
and Dutch. By James Helfenstein, Ph.D. 8vo. i&r. 

Tkis work traces the different stages of devdoptnent through which the 
various Teutonic languages have passed, and the laws which have 
regulated their growth. The reader is thus enabled to study the 
relaiion which these languages bear to one another, and to the Eng^ 
lish language in particular, to which special attention is devoted 
throughout. In the chapters on Ancient and Middle Teutonic 
languages no grammatical form is omitted the knowledge of which 
is required for the study of ancient literature, whether Gothic or 
Anglo-Saxon or Early English, To each chapter is prefixed a 
sketch showing the relation of the Teutonic to the cognate languages ^ 
Greek, Latin, and Sanskrit. Those who have mctstered the book 
will be in a position to proceed with intelligence to the more elaborate 
works tf Grimm, Bopp, Pott, Schleicher, and others, 

Morris.— HISTORICAL OUTLINES OF ENGLISH ACCI- 
DENCE, comprising Chapters on the History and Development 
of the Language, and on Word-formation. By the Rev. Richard 
Morris, LL.D., Member of the Council of the Philol. Soc, 
Lecturer on English Language and Literature in King's College 
School, Editor of "Specimens of Early English," etc., etc. 
Third Edition. Fcap. 8vo. df. 

Dr, Morris has endeavoured to write a Tvork which can be profitably 
used by students and by the upper forms in our public schools. His 
almost unequalled knowledge of early English Literature renders 
him peculiarly qualified to write a work of this kind; and English 
Grammar, he believes, wUhout a reference to the t^er forms, must 
appear altogether anomalous, inconsistent, and unintdligible. In 
the writing of this volume, moreover, he has taken advantage of the 
researches into our language made by all the most eminent scholars 
in England, America, and on the Continent. The author shows 
the place of En^ish among the languages of the tvorld, expounds 
clearly and with great minuteness ** GrimnCs Ztfwr," gives a brief 

D 
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history of the English language and an account of the vari9ns 
dialecfs^ investigates the history and principles of J^honology^ 
Orthography^ Accent^ and Etymology^ and devotes several chapters 
to the consideration of the various Parts of Speech^ and the final 
one to Derivation and Word-formation, 

Peile (John, M.A.)— an INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Peile, M.A., 
Fellow and Assbtant Tutor of Christ's College, Cambridge, 
formerly Teacher of Sanskrit in the University of Cambridge 
New and revised Edition. Crown 8vo. \os, 6d, 

These Philological Lectures are the result of Notes made during the 
author's reading for some years previous to their publication. These 
Notes were put into the shape of lectures^ delivered at Chrisfs 
College^ as one set in the ^'^ Intercollegiate^^ list. They have been 
printed with some additions and modifications^ but substantially 
- «j they were delivered, *'The booh may be accepted as a very 
valuable contribution to the science of language.** — Saturday 
Review. 

Philology. — ^THE JOURNAL OF SACRED AND CLAS- 
SICAL PHILOLOGY. Four Vols. 8vo. \2s, 6d, 

THE JOURNAL OF PHILOLOGY. New Series. Edited by W. 
G. Clark, M.A., John E. B. Mayor, M.A., and W. Aldis 
Wright, M.A. Nos. I., II., III., and IV. 8vd. 4s. 6d. each. 
<(Half-yearly.) 

Roby (H. J.)— A GRAMMAR OF THE LATIN LANGUAGE, 

FROM PLAUTUS TO SUETONIUS. By Henry John 
i Roby, M.A., late Fellow of St. John's Collie, Cambridge. 

Part I. containing: — Book I. Sounds. Book II. Inflexions. 

Book III. Word Formation. Appendices. Second Edition. 

Crown 8vo. Ss. -fi^f. 

This work is the result of an independent and careful study of the 
writers of the strictly Classical period, the period embraced between 
the time of Plautus and that of Suetonius, The author's aim has 
been to give the facts of the language in as few words as possible. It 
will be found that the arrangement of the book and the treatment of 
the various divisions differ in many respects from those of previous 
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grammars, Mr, Roby has given special prominence to the treat- 
ment of Sounds and Word-formation ; and in the First Book he has 
done miich totvards settling a discussion which is at present largely 
engaging the attention of scholars^ viz.^ the Pronunciation of the 
Classical languages. In the full Appendices will be found various 
valuable details still further illustrating the subjects discussed in the 
text. The author's reputation as a scholar and critic is already 
well known, and the publishers are encouraged to believe that his 
present work wilt take its place as perhaps the most original ^ exhaus- 
tive, and scientific grammar of the Latin language thcU has ever 
issued from the British press, **77ie book is marked by the clear 
and practical insight of a master in his art. It is a^book which 
would do honour to any country,'*^ — Athenaeum. ^^ Brings before 
the student in a methodical form the best results of modern philology 
bearing on the Latin language, " — Scotsman. 

Taylor (Rev. Isaac).— WORDS AND PLACES; or. 

Etymological Illustrations of History, Etlinology, and Geography. 
By the Rev. Isaac Taylor. Third Edition, revbed and com* 
pressed. With Maps.. Globe 8vo. 6j. 

**/w this edition the work has been recast with the intention of fitting it 
for the use of students and general readers, rather than, as 
before, to appeal to the judgment of phUologers, The book 
has already been adopted by many teachers, and is prtscribed 
as a text-book in the Cambridge Higher Examinations for 
Women: and it is hoped that the reduced size and price, and 
the other changes now introduced, may make it more generally 
useful than heretofore for Educational purposes. 

Trench. — Works by R. Chenevix Trench, D.D., Archbishop of 
Dublin. (For other Works by the same Author, see Theolqgical 
Catalogue.) 

Archbishop Trench hctsdone much to spread an interest in the history 
cf our EngUsk tongue. He is acknowledged to possess an un- 
common power of presenting, in a clear, instructive, and interesting 
manner, the fruit of his own extensive research, as well as the 
results of the labours of other scientific and historical students 
of language ; while, as the Athkn/evu says, ** his sober judgment 
and sound sense are barriers against the misleading influence of 
arbitrary kfp9thesis*'* 
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Trench (R. C.) — continued. 

SYNONYMS OF THE NEW TESTAMENT. New Edition, 
enlarged. 8vo. doth. I2s. 

Tlie study of synonyms in any language is valuable as a discipline for 
training the mind to close and accurate habits of thought; more 
especially is this the case in Greek — * * a language spoken by a people oj 
the finest and subtlest intellect; who saw distinctions where others saw 
none; who divided out to different words what others often were 
content to huddle confusedly under a common term." This Tvork is 
recognized as a valuable companion to every student of the I^ezo 
Testament in the original, This^ the Seventh Edition^ has been 
carefully revised^ and a considerable number of new synonyms added. 
Appended is an Index to the synonyms, and an Index to many other 
words alluded to or explained throughout the work, *^He is" the 
Athenaeum says, **a guide in this department of knowledge to 
whom his readers may entrust themselves with confidence," 

ON THE STUDY OF WORDS. Lectures Addressed <originaUy) 
to the Pupils at the Diocesan Training School, Winchester. 
Fourteenth Edition, revised and enlarged. Fcap. 8vo. 4*. 6^/. 

This, it is believed, was probably the first work which drew general 
attention in this country to the importance and interest of the 
critical and historical study of English, It still retains its place as 
one of the most successful if not the only exponent of those aspects 
of Words of which it treats. The subjects of the several Lectures 
are— I. ** Introductory." II. ''On the Poetry of Words." III. 
''On the Morality of Words." IV. "On the History of Words." 
V. "On the Rise of New Words." VI. "On the Distiturtion of 
Words:' VI r. "The Schoolmaster's Use of Words," 

ENGLISH PAST AND PRESENT. Seventh Edition, revised 
and improved. Fcap. 8vo. 4J. 6d. 

This is a series of eight Lectures, in the first of which Archbishop 
Trench considers the English language as it now is, decomposes some 
specimens of it, and thus discovers ofzvhat elements it is compact. In 
the second Lecture he considers ivhat the language might have been 
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Trench (R. C.) — continued, 

if the Norman Conquest had never taken place. In the following 
six Lectures he institutes frdm various points of view a comparison 
betiveen the present language and the past, points out gains zvhich it 
has made, losses which it has endured, and generally calls attefttion 
to sotne of the more important changes through which it has passed, 
or is at present passing. 

A SELECT GLOSSARY OF ENGLISH WORDS USED 
FORMERLY IN SENSES DIFFERENT FROM THEIR 
PRESENT. Fourth Edition, Enlarged. Fcap. 8vo. 4J. 

This alphabetically arranged Glossary contains many of the most 
important of those English words which in the course of time have 
gradually changed their meanings. The author' s object is to point 
out some of these changes, to suggest how many more there may be, 
to show hoiu slight and subtle, while, yet most real, these changes 
have often been, to trace here and there the progressive steps by 
zvhich the old meaning has been put off and the new put on — the 
exact road which a word has travelled. The author thus hopes t 
render some assistance to those who regard this as a serviceable dis- 
cipline in the training of their own minds or the minds of others. 
Although the book is in the form of a Glossary, it will be found as 
interesting as a series of brief well-told biographies. 

ON SOME DEFICIENCIES IN OUR ENGLISH DICTION- 
ARIES : Being the substance of Two Papers read before the 
Philological Society. Second Edition, revised and enlarged. 
8vo. 3^. 

"Wood — Works by H. T. W. Wood, B.A., Clare CoUege, 
Cambridge : — 

THE RECIPROCAL INFLUENCE OF ENGLISH AND 
FRENCH LITERATURE . IN THE EIGHTEENTH 
CENTURY. Crown 8vo. zs.. 6d. 

CHANGES IN THE ENGLISH LANGUAGE BETWEEN 
THE PUBLICATION OF WICLIF'S BIBLE AND THAT 
OF THE AUTHORIZED VERSION; a.d. 1400 to a.d. 1600. 
Crown Svo. 2s. 6d. 
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This Essay gained the Le Bas Priufor the year 187a Besides the 
Introductory Section explaning the aim and scope of the- Essay ^ 
there are other three Sections and three Appendices, Section II. 
treats of " English be/ore Chaucer" III, ** Chaucer to Caxtan, 
IV, ** From Caxton to the Authorized Version," — Appendix: I, 
** Table of English Literature" A,D. 1300— A.D. i6n. II 
** Early English Bible," III. '' Inflectional Changes of the Verb," 
This will be found a most valuable hdp in the study of our language 
during the period embraced in the Essay, ^^ As we go with him^ ** 
the ATHENiGUM says, **we learn something new at every step. 
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Yonge— HISTORY OF CHRISTIAN NAMES. By Char- 
LOTTE M. YONGE, Author of "The Heir of Reddyffe.** Two 
Vols. Crown 8vo. i/. \s. 

Miss Yongis work is acknowledged to be the authority on the interest- 
ing subject of which it treats. Until she wrote on the subject, the 
history of names— especially Christian Names as distinguished from 
Surnames — had been but little examined ; nor why one should be 
popular and another forgotten — why one should flourish through- 
out Europe, another in one country alone, another around some 
petty district. In each case she has tried to find out whence the 
name came, whether it had a patron, and whether the patron took 
itfi'om the myths or heroes of his orvn country, or from the mean- 
ing of the words. She hcts then tried to classify the names, as to 
treat them merely alphabetically would destroy allthdr interest and 
connection. They are clc^sijied first by language, beginning with 
Hebrew and coming down through Greek and Latin to Cdtic, 
Teutoftict Slavonic, and other sources, ancient and modem ; then 
by meaning or spirit, "An almost exhaustive treatment of the 
subject , . . The painstaking toil of a thoughtful and cultured mind 
on a most interesting theme," — London Quarterly. 
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